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-Quien no haya experimentado la irresistible atracción de la ciencia no podrá comprender su 
tiranía.-
Mary Shelley
Frankenstein (1818)
“La ciencia se construye intuitivamente, tenemos lagunas de lógica, pasamos años deambulando 
en la nada, nos frustramos, nos tiramos de los pelos. Éste es realmente el poder de la genialidad: 
La fuerza de voluntad para cometer los errores necesarios que te conducen a la respuesta correcta.”
Michio Kaku
“The past history of our globe must be explained by what can be seen to be happening now. No 
powers are to be employed that are not natural to the globe, no action to be admitted except 
those of which we know the principle.”
James Hutton
Theory of the Earth (1785)
“The most consequential change in man's view of the world, of living nature and of himself 
came with the introduction, over a period of some 100 years beginning only in the 18th 
century, of the idea of change itself, of change over periods of time: in a word, of evolution.” 
Enrst Mayr
Evolution, Scientific American (1978)
Esta tesis ha sido financiada gracias a una beca predocotoral del programa de Personal Investi-
gador en Formación de la Universidad Complutense de Madrid y por los proyectos CGL2004-
02094/BTE, CGL2007-65208, CGL2008-04200/BTE, y CGL 2011-28877.
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PRESENTACIÓN
Las páginas que siguen a esta presentación tienen un tema central muy claro, el estudio 
de dos géneros extintos de cricétidos. A lo largo de este trabajo he intentado explicar de la mejor 
manera posible, qué pasó con Cricetodon e Hispanomys durante el Mioceno medio y superior. Si 
bien se centra principalmente en el estudio sistemático, también se ha acompañado esta parte con 
estudios en otros campos como son la bioestratigrafía, las relaciones filogenéticas y la paleobio-
geografía. Una tarea que parecía fácil al principio, se empezó a volver complicada con los años y 
de nuevo, cuando echo un vistazo a las casi 400 páginas que siguen a este prefacio, parece simple. 
Este volumen sigue la Normativa de Desarrollo del régimen relativo a la elaboración, 
tribunal, defensa y evaluación de la tesis doctoral del Real Decreto 1393/2007. Se compone de 
una introducción, un apartado de paleontología sistemática, otro de síntesis bioestratigráfica, 
un estudio filogenético y unas conclusiones generales. Se ha considerado necesario un capítulo 
individual para discutir endetalle tanto la primera presencia de la tribu en la cuenca, como la 
descripción de una especie nueva. Otros dos capítulos tratan al resto de especies de Cricetodon y de 
Hispanomys. Cada capítulo se ha estructurado a modo de artículo científico, de manera que cuenta 
con una introducción propia en la que se trata en concreto el tema planteado y unas conclusiones 
directamente relacionadas con el contenido del capítulo. Este tipo de estructura nos ha permitido 
avanzar en la publicación de los capítulos en revistas científicas y parte del contenido de esa tesis 
se encuentra en diferentes estadios de publicación. Las referencias bilbiográficas de cada uno de 
los artículos publicados se presentan al inicio de cada uno; aún así, a continuación se presenta una 
lista de los capítulos y artículos escritos:
El capítulo 5: Revision of Cricetodon soriae (Rodentia, Mammalia), new data from the middle 
Aragonian (middle Miocene) of the Calatayud-Daroca basin (Zaragoza, Spain), ha sido publicado en 
la revista Journal of Vertebrate Paleontology. Aquí se hablará de la primera especie de Criceto-
dontini registrada en el área de estudio.
El capítulo 6: Cricetodon from the middle and late Aragonian of the Calatayud-Daroca Basin 
(Spain): a taxonomical description, se ocupa de otras dos epecies de Cricetodon y ha sido publicado 
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junto con el capítulo 9: Cricetodontini from the Calatayud-Daroca Basin (Spain): an up-to-date 
of their stratigraphical distribution, en el que se analiza el valor bioestratigráfico de las especies 
estudiadas. Ambos capítulos forman parte de un mismo artículo sintético publicado en la revista 
Comptes Rendus Palevol.
 El capítulo 7: New Cricetodontini from the middle Miocene of Europe: an example of mosaic 
evolution describe una nueva especie registrada en el Aragoniense superior y está publicado en la 
revista Bulletin of Geosciences.
El capítulo 8: Species of Hispanomys of the late Aragonian and early Vallesian (middle-late 
Miocene) of the Calatayud-Daroca Basin, Zaragoza, Spain se ocupa de todas las especies de 
Hispanomys del área estudiada. La presencia de dos de ellas en uno de los yacimientos estudiados 
se ha publicado en el volumen del VI Encuentro de Jóvenes Investigadores en Paleontología, 
en la revista Palaeontologica Nova, Publicaciones del Seminario de Paleontología de Zaragoza 
(SEPAZ). Ese estudio, realizado en el año 2008, ha sido reescrito en su mayor parte para la 
presente tesis doctoral. Las descripciones y las discusiones han sido ampliadas, y se han descrito 
fósiles de nuevos yacimientos, por lo que el capítulo 8 no es una transcripción de esa publicación. 
Aún así hay que reconocer que fue el germen del mismo.
El capítulo 10: First phylogenetic approach to Cricetodontini (Rodentia, Mammalia) from 
the Miocene and Pliocene of Europe and Asia Minor es un capítulo que se encarga de evalúar las 
relaciones filogenéticas y está proyectado para ser enviado en los próximos meses. 
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Introduction
This dissertation presents the systematic study of two fossil genera of the family Cricetidae 
(Rodentia, Mammalia). The order Rodentia is one of the most diverse and abundant extant groups 
of mammals and its origin is dated 57 Ma. Currently, it counts with more than 2,200 species 
worldwide distributed. The studied fossils belong to the tribe Cricetodontini which was very 
common in Europe during the Miocene. Its representatives stand out among other Miocene 
cricetids for their large size. The taxonomy, as well as the other micromammal groups, is mainly 
based on the dental characters. 
The first occurrence of the tribe is located in the early Miocene of Asia Minor. Its members 
remained in Anatolia during most part of the early Miocene and they occurred in Europe 
during the latest early Miocene. Then, the tribe was widely extended in Europe being the middle 
Miocene (middle and late Aragonian) a very interesting interval. At this time, the diversity of 
the tribe increases, including species with more complex morphology and higher intraspecific 
variability than the older representatives. Their decline starts in the late Miocene (early Vallesian). 
The number of species decrease, until their extinction at the beginning of the Pliocene. On the 
ligth of this evolutionary history, the most interesting interval to study the Cricetodonini is the 
middle to late Miocene (middle and late Aragonian, and early Vallesian). 
The taxonomy of the Cricetodontini is controversial and some aspects remain unresolved. 
For example, the generic ascription of some species were debated and the inclusion of some 
genera in the tribe is still dubious. Because of this, the species of Cricetodontini have not been 
recommended for the proposal of detailed biostratigraphical scales. Only the genera of Criceto-
ABSTRACT
Cricetodontini (Rodentia, Mammalia) from the middle and upper Miocene in the
Daroca area (Aragón, Spain): Systematics & Phylogeny.
xdontini were used in biostratigraphical studies and they defined large time intervals and major 
continental units. However, recent studies in Cricetodontini from Central Europe and Anatolia 
demonstrate that their species have served as a source to establish biostratigraphical subdivisions. 
Thus, a better knowledge of the taxonomy of the Cricetodontini from the Iberian Peninsula could 
reveal them as good biostratigraphical indicators aswell. 
Apart from that, the establishment of the phylogenetic relationships of Cricetodontini 
are also complicated due to the mosaic morphology displayed by some of their representatives. 
Moreover, the phylogenetic hypotheses proposed before are outdated and therefore, it is necessary 
to make a phylogenetic study of the Cricetodontini.
The Calatayud-Daroca Basin (Zaragoza, Spain) offers the best context for studying the 
Cricetodonini since many fossil sites are recovered within this time range. In addition, most of the 
fossiliferous levels found in the Calatayud-Daroca Basin are stratigraphically superposed which 
allow to assess a numerical dating by means of paleomagnetostratigraphy. Fifty-four localities 
from the Calatayud-Daroca Basin provide fossils of Cricetodontini from the middle and late 
Aragonian, and early Vallesian. Their age estimation ranges from 14.06 to 9.98 Ma. Due to the 
high number of localities and their suitability for being numerically dated, the Calatayud-Daroca 
Basin is one of the most studied basins in the Iberian Peninsula. 
Synthesis
• Aims
The main aims of this study are: to characterize, morphologically and metrically, the 
representatives of Cricetodontini in the Calatayud-Daroca Basin in order to resolve their 
taxonomy. Another aim is to specify their stratigraphical distributions during the middle and late 
Miocene (middle and late Aragonian, and early Vallesian) and evaluate their biostratigraphical 
use. And finally, the last aim is to assess the phylogenetic relationships among Cricetodontini from 
Europe and Asia by means of a cladistic analysis.
• Results in taxonomy and phylogeny
The whole sample includes 3,181 teeth that have been morphometrically studied. These 
fossils are distributed among eight species. Four of them belong to Cricetodon and four to 
Hispanomys. A new species, Cricetodon nievei, was described due to the unique combination of 
characters that the specimens from sites Toril 2, 3A, 3B and Las Planas 5H present. 
Cricetodon soriae López Martínez et al., in Hernández Fernández et al., 2006 is earliest 
ocurrence of the tribe in the basin and also, the oldest representative of the tribe on the Iberian 
Peninsula. Its stratigraphical distribution covers the local biozone E (MN5; 14.06-13.80 Ma) 
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during the middle Aragonian. The results of the cladistic analysis indicate that Cricetodon soriae is 
closely related to other species from southwestern Europe such as C. sansaniensis Lartet, 1851, C. 
jotae Mein and Freudenthal, 1971a and C. meini Freudenthal, 1963.
Cricetodon sansaniensis is present in five localities covering the local biozone F (MN6 pro 
parte; 13.76-13.68 Ma) for the late Aragonian. Cricetodon sansaniensis were previously related with 
C. aureus Mein and Freudenthal, 1971b and C. albanensis Mein and Freudenthal, 1971a. But, in 
present study, C. sansaniensis is related to C. soriae, C. jotae and C. meini. 
Cricetodon jotae is present in 13 sites belonging to local biozones, G1 and G2, (MN6 pp.) 
and G3 (MN7/8 pp.) in the late Aragonian. The first ocurrence of C. jotae is in Las Planas 5B 
(local biozone G1; 13.56 Ma). The youngest ocurrence of C. jotae is in Las Planas 5K, (local 
biozone G2; 13.08 Ma). However, C. jotae is present in younger localities from the local biozone 
G3 with no numerical age. Cricetodon jotae was related to C. meini. Both are sister species in the 
results of the phylogenetic analysis supporting this relationship. 
The new species, Cricetodon nievei, is found in four sites, all of them belong to the G3 
biozone (MN7/8 pp.; 12.60-12.65 Ma) from the late Aragonian. Cricetodon nievei shares more 
features with the species from the Central Europe basins than with those from the Calatayud-
Daroca Basin. The results of the cladistic analysis agrees with this; Cricetodon nievei is grouped 
with C. bolligeri Rummel, 1995 which is endemic from Central Europe.
Hispanomys aguirrei (Sesé Benito, 1977 in López Martínez et al., 1977) is registrered in 
seven localities from the local biozone G3 (MN7/8 pp.; 12.39-11.33 Ma) from the late Aragonian. 
The results of the cladistic analysis report that Hispanomys aguirrei is situated among the other 
species of Hispanomys indicating that its assignation to Hispanomys is correct. It is sister species to 
H. lavocati (Freudenthal, 1966). 
Hispanomys lavocati is recovered from three sites placed in the local biozone G3 (MN7/8 
pp.; 11.87-11.88 Ma) for the late Aragonian. Hispanomys lavocati is situated in the strict consensus 
as a member of Hispanomys closely related with the other southwestern Europe Hispanomys from 
the late Aragonian. 
Hispanomys nombrevillae (Freudenthal, 1966) is registered in seven localities from the local 
biozone H (MN7/8 pp. and MN9 pp.; 11.20 Ma-10.77 Ma) from the late Aragonian and the early 
Vallesian. Hispanomys nombrevillae was related with H. bijugatus (Mein and Freudenthal, 1971a) 
and also considered as the descendant of H. aguirrei. In the cladistic analysis, H. nombrevillae is 
sister species to the derived Hispanomys revealing that H. nombrevillae is more closely related to 
H. aragonensis (Freudenthal, 1966) than to H. aguirrei/H. bijugatus.
Hispanomys aragonensis is present in seven localities from the local biozone I (MN9 pp.; 
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10.72-9.98 Ma) for the early Vallesian. It was related to H. decedens (Schaub, 1925). In the 
cladogram, these two species are situated in separate clades, precluding the relationship between 
them. Apart from this, H. aragonensis is the most basal taxon to the clade that includes H. peralensis 
Van de Weerd, 1976 supporting this relationship previously stated.
Conclusions
In general, the morphological patterns observed in the Cricetodontini from the Calatayud-
Daroca Basin fit the following model: basal morphology during the older record in the middle, 
late Aragonian (C. soriae, C. sansaniensis); mosaic morphology in most of the species from the 
late Aragonian (C. jotae, C. nievei, H. aguirrei and H. lavocati), and finally, derived forms as H. 
nombrevillae and H. aragonensis in the early Vallesian. These evolutionary history is also recognized 
in other European faunas Cricetodontini but not synchronously.
The tribe Cricetodontini is present in local biozones from E to I, it stratigraphical distribution 
spans an age range from 14.06 to 9.98 Ma. The stratigraphical distributions of the studied 
species, generally, fit well with the local biozonation; those of Cricetodon soriae, C. sansaniensis, 
H. nombrevillae and H. aragonensis correlate with local biozones E, F, H and I, respectively. The 
distribution of C. jotae is long and it ranges about 1 my covering several local biozones (G1, G2 
and partly G3). Four species of Cricetodontini (C. jotae, C. nievei, H. aguirrei and H. lavocati) are 
present in local biozone G3 (late Aragonian). On the light of the distribution of this species and 
the unusually long duration of the G3 (1 my) the redefinition and subdivision of this biozone is 
recommended. Nevertheless, we suggest a study of the complete rodent fauna before proposing a 
new biozonation.
Three main clades can be observed in our cladistis analysis. The cladogram reveals that 
Deperetomys and Byzantinia are monophyletic, Cricetodon is paraphyletic and the species of 
Hispanomys together with Ruscinomys Freudenthal, 1966 form a clade.
The centre of origin of the studied Cricetodontini is Anatolia, where the tribe was present 
since the early Miocene. Deperetomys extends its range in Asia Minor and Central Europe, 
Cricetodon is wide spread across Europe and Asia Minor, whereas Byzantinia is strongly linked 
with Asia Minor. Hispanomys+Ruscinomys are linked with south-western Europe.
Cricetodon soriae, C. sansaniensis and C. jotae are grouped together in a clade with C. meini. 
Cricetodon nievei is clustered with the species from Central Europe, clearly separated from the 
other Cricetodontini from the Calatayud-Daroca Basin. The species of Hispanomys are split in 
two clades: H. aguirrei and H. lavocati are basal, and H. nombrevillae and H. aragonensis are derived.
Present study of the tribe Cricetodontini in Calatayud-Daroca Basin contributes to evidence 
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their importance in mammalian paleontology. We have recognized their suitability in biostrati-
graphical studies and resolved some important systematic and phylogenetic questions. However, 
in order to confirm some of the phylogenetic hypotheses made and also to better understand the 
evolutionary history of the tribe, it is recommended to widen the study to other rodent taxa and 
add supplementary morphological data.
Thus, future research should focus on the study of other genera of rodents from the late 
Aragonian and early Vallesian from Calatayud-Daroca Basin to redefine the local biozonation. 
In addition it would be interesting to extend the phylogenetic study to other genera from Asia 
Minor and Southwestern Europe in order to resolve some phylogenetic issues, especially those 
concerning Deperetomys, Cricetodon and Hispanomys.
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RESUMEN
Cricetodontini (Rodentia, Mammalia) del Mioceno medio y superior del área de Daroca 
(Aragón, España): Sistemática y filogenia
Introducción
Esta tesis doctoral presenta el estudio sistemático y bioestratigráfico de dos géneros extintos 
de la familia Cricetidae (Rodentia, Mammalia). El orden Rodentia tiene sus orígenes hace 57 
Ma y sus representantes llegan hasta nuestros días. Es el grupo de mamíferos más diverso que 
existe en la actualidad y sus especies están distribuidas por toda la superficie terrestre, excepto 
en el continente antártico. Los géneros estudiados en la presente tesis doctoral se clasifican en la 
subfamilia Cricetodontinae y en la tribu Cricetodontini. Esta tribu está presente desde principios 
del Mioceno hasta el Plioceno de Europa. Forman parte de las comunidades de roedores de forma 
continua durante el Mioceno medio y superior. El primer registro se encuentra en el Mioceno 
inferior de Asia Menor. Los representantes de la tribu se mantienen dentro de Anatolia durante 
la mayor parte del Mioceno inferior y se registran en Europa a finales del Mioceno inferior. A 
partir de ese momento las especies de Cricetodontini se distribuyen ampliamente por toda Europa 
y Asia. En la segunda mitad del Mioceno medio la diversidad de la tribu aumenta, incluyendo 
especies con morfología más compleja y con una mayor variabilidad intraespecífica. Su declive 
en Europa y Asia Menor comienza a principios del Mioceno superior; su distribución geográfica 
empieza a restringirse al suroeste de Europa, encontrando el último representante de la tribu en 
Francia. A la luz de su historia evolutiva, parece que el intervalo más interesante para el estudio de 
los Cricetodontini es el Mioceno medio y superior (Aragoniense medio y superior, y Vallesiense 
inferior)
Este grupo tiene una alta variabilidad morfológica que dificulta la asignación genérica de 
algunas especies. Así mismo, la inclusión de algún género en la tribu (p.e. Deperetomys) ha sido 
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igualmente discutida. Por otro lado, algunas especies presentan una combinación de caracteres 
basales y derivados que se ajusta a un modelo evolutivo en mosaico. Esto ha llevado a recomendar 
que se evite el uso de las especies de Cricetodontini para realizar escalas bioestratigráficas locales 
y su uso bioestratigráfico para el Mioceno ibérico se limitó a caracterizar solamente grandes 
intervalos de tiempo. Sin embargo, en otras cuencas europeas y de Asia Menor, se está poniendo 
de manifiesto la utilidad bioestratigráfica de las especies de Cricetodontini encontradas allí.
Existe una gran dificultad para estimar las relaciones filogenéticas entre las especies de 
Cricetodontini debido al patrón morfológico en mosaico descrito anteriormente. Además, las 
hipótesis filogenéticas propuestas hasta la fecha se han quedado desactualizadas al haberse descrito 
muchas especies posteriormente. Por eso es necesario acompañar al estudio taxonómico de un 
estudio filogenético de los representantes de Cricetodontini.
La Cuenca de Calatayud-Daroca (Zaragoza, España) ofrece las condiciones óptimas ya 
que presenta uno de los registros de micromamíferos fósiles mejor documentados y estudiados 
del Mioceno. Además, muchos de los yacimientos están en superposición estratigráfica lo que 
ha permitido datar numéricamente a la gran mayoría. Existen 54 yacimientos en el que se tiene 
registro de Cricetodontini durante el Aragoniense medio y superior y Vallesiense inferior. Su 
edad estimada se sitúa entre los 14,06 y los 9,98 Ma. Debido al gran número de yacimientos y su 
idoneidad para ser datados, la Cuenca de Calatayud-Daroca es una de las más estudiadas en la 
Península Ibérica. 
Síntesis
• Objetivos
Los principales objetivos de esta tesis doctoral son: caracterizar, morfológica y métricamente, 
las especies de Cricetodontini presentes en la Cuenca de Calatayud-Daroca y así resolver su 
taxonomía. Con esta información taxonómica se estudiarán sus distribuciones estratigráficas y 
se evaluará la utilidad bioestratigráfica de los Cricetodontini dentro de la cuenca. Finalmente, se 
discutirán las relaciones filogenéticas de cada una de las especies encontradas y las del resto de 
Europa y Asia Menor a través de la metodología cladística.
• Resultados de la taxonomía y la filogenia
El estudio taxonómico resuelve que los 3.181 fósiles se reparten entre ocho especies pertene-
cientes a dos géneros de la tribu. Cuatro son especies del género Cricetodon y cuatro de Hispanomys. 
Se ha descrito una nueva especie, Cricetodon nievei, debido a la combinación novedosa y única de 
las características morfológicas y métricas que posee.
 Cricetodon soriae es la especie más antigua de la tribu Cricetodontini en la cuenca y, además, 
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es el miembro más antiguo de la tribu en la Península Ibérica. Está presente en la biozona E, 
entre los 14,06 Ma y los 13,80 Ma durante el Aragoniense medio. Cricetodon soriae se relaciona 
estrechamente con otras especies de Europa occidental, como son C. sansaniensis, C. jotae y C. 
meini. 
Cricetodon sansaniensis está presente en cinco localidades que cubren la biozona local F 
y abarcan un intervalo temporal de 13,76 a 13,68 Ma. Cricetodon sansaniensis no parece tener 
relación con ninguna de las especies con las que se había relacionado anteriormente y se rechaza 
su relación directa con C. aureus. En cambio, sí parece tener una relación estrecha con C. soriae. 
Cricetodon jotae se ha encontrado en 13 localidades situadas en las biozonas locales, G1 y G2 
(MN6 pro parte), así como en la parte inferior de la G3 (MN7/8 pp.) en el Aragoniense superior. 
La primera presencia de C. jotae se produce en Las Planas 5B (biozona local G1), datada en 13,56 
Ma. La última localidad datada numéricamente con C. jotae es Las Planas 5K (13,08 Ma; biozona 
local G2). Sin embargo, Cricetodon jotae está presente en las localidades más recientes pertene-
cientes a biozona local G3, de las cuales no se dispone de edad numérica. Cricetodon jotae es especie 
hermana de C. meini, lo que confirma la relación propuesta por los autores.
La nueva especie Cricetodon nievei se ha encontrado en cuatro yacimientos de la biozona 
local G3 (12,65-12,60 Ma). Se caracteriza por presentar una combinación de caracteres primitivos 
y derivados. Cricetodon nievei es más parecido a las especies de Cricetodon e Hispanomys de la 
Cuenca de Vallès-Penedès, Francia y Europa central que a las especies registradas en Calatayud-
Daroca. En el análisis filogenético, Cricetodon nievei se agrupa con las especies procedentes de 
Europa central, claramente separado de los otros Cricetodontini de la Cuenca de Calatayud-
Daroca.
Hispanomys aguirrei se registra en siete localidades de la biozona local G3 (MN7/8 pp.; 
12,39-11,33 Ma) del Aragoniense superior. Hispanomys aguirrei se asigna a Hispanomys, ya que se 
encuentra entre las otras especies de este género. Parece confirmarse que H. aguirrei se relaciona 
con H. lavocati, su especie hermana. 
Hispanomys lavocati se ha incluido en el género Hispanomys a pesar de las propuestas de 
otros autores, que lo incluyen en Cricetodon. Hispanomys lavocati es una de las especies más grandes 
de Hispanomys descritas y está presente en tres yacimientos de la biozona local G3 (MN7/8 pp.; 
11,87-11,88 Ma) del Aragoniense superior. Hispanomys lavocati parece tener una relación directa 
con las otras especies de Hispanomys del suroeste de Europa.
Hispanomys nombrevillae está presente en siete localidades de la biozona local H (MN7/8 
pp. y MN9 pp.; 11,20 Ma-10,77 Ma) del Aragoniense superior y Vallesiense inferior. Hispanomys 
nombrevillae aparece como una especie basal al clado que contiene todas las especies derivadas de 
Hispanomys, estado más estrechamente relacionada con H. aragonensis que con H. aguirrei o H. 
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bijugatus.
Hispanomys aragonensis se encuentra en siete localidades del la biozona local I (MN9 pp.; 
10,72-9,98 Ma) del Vallesiense inferior. Hispanomys aragonensis se encuentra entre las especies 
de Hispanomys más derivadas, el análisis rechaza su relación directa con H. decedens. Se relaciona 
directamente con H. peralensis tal y como se había discutido anteriormente.
Conclusiones
La tribu Cricetodontini está presente en las biozonas locales desde la E hasta la I, con un 
rango de edad estimada de 14,06 a 9,98 Ma. Las distribuciones estratigráficas de las especies 
estudiadas, en general, se correlacionan con la biozonación local, por lo que se puede indicar que 
se trata de buenos indicadores bioestratigráficos. Las distribuciones de C. soriae, C. sansaniensis, H. 
nombrevillae e H. aragonensis coinciden con las biozonas locales E, F, I y H, respectivamente. Sin 
embargo, la distribución de Cricetodon jotae es muy amplia y oscila alrededor de un 1 Ma cubriendo 
varias biozonas locales (G1, G2 y G3). Por su parte, C. nievei se encuentra únicamente en la parte 
media de la G3. A la luz de la distribución de las especies y de lo inusualmente larga que es la 
biozona local G3 (1 Ma) se recomienda que ésta se revise y se redefine o subdivida. Sin embargo, 
también se sugiere que se estudie todo el conjunto de las especies de roedores antes de proponer 
una nueva biozonación.
Las especies estudiadas en el análisis filogenético se dividen en tres clados principales 
que corresponden a Deperetomys, Byzantinia e Hispanomys+Ruscinomys. El cladograma indica 
que Deperetomys y Byzantinia son monofiléticos, Cricetodon es parafilético y que las especies de 
Hispanomys forman un clado junto con las de Ruscinomys.
El centro de origen de Cricetodontini es claramente Asia Menor. También que Byzantinia 
e Hispanomys están estrechamente vinculados con un área geográfica específica: Asia Menor y 
el suroeste de Europa respectivamente. Por otra parte, Deperetomys se extiende por Asia Menor 
y Europa Central, y Cricetodon está ampliamente distribuido por toda Europa y Asia Menor. 
También se han detectado tres momentos migratorios (hace 18 Ma, 15 Ma y 14 Ma respecti-
vamente) que tienen su origen en Anatolia y en los que participan diferentes especies que dan 
lugar a las encontradas en la Cuenca de Calatayud-Daroca.
Cricetodon soriae, C. sansaniensis y C. jotae están agrupados en un clado junto con C. meini. 
Cricetodon nievei se sitúa con las especies de Europa central, claramente separadas de las especies 
de la Península Ibérica. Por su parte, las especies de Hispanomys se separan en dos clados: H. 
aguirrei e H. lavocati en uno más basal que el que contiene a H. nombrevillae e H. aragonensis.
Este estudio de la tribu Cricetodontini de Calatayud-Daroca contribuye a evidenciar su 
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importancia en la paleontología de mamíferos. Hemos reconocido su aptitud para la bioestra-
tigrafía y se han resuelto algunos de sus problemas sistemáticos y filogenéticos. Sin embargo, para 
confirmar algunas de las hipótesis aquí planteadas, es recomendable ampliar el estudio a otros 
grupos de roedores así como añadir más datos morfológicos a la matriz filogenética.
Así, las siguientes investigaciones encargadas de redefinir la biozonación local deberían 
enfocarse en el estudio de otros roedores de la Cuenca de Calatayud-Daroca del Aragoniense 
superior y del Vallesiense inferior. Además, sería muy interesante extender el estudio filogenético 
a otros géneros de Asia Menor y del suroeste de Europa.
I.	Introducción
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5Introducción
El origen del orden Rodentia (Mammalia) se ha datado en 57 
Ma (Hartenberger, 1998; Montgelard et al., 2002) y sus represen-
tantes llegan hasta nuestros días. Es el grupo de mamíferos más diverso 
que existe en la actualidad. Cuenta con más de 2.200 especies (Wilson 
y Reeder, 2005) distribuidas por toda la superficie terrestre, excepto 
en el continente antártico (Figura 1.1). En la presente tesis doctoral se 
estudian dos géneros de cricétidos extintos característicos del Mioceno. 
Los cricétidos, cuyos representantes son conocidos con el nombre común 
de hámsters, pertenecen a la superfamilia Muroidea. Existen diferentes 
opiniones respecto a su clasificación dentro de Muroidea y su relación con 
otro grupo de roedores, los múridos. Algunos autores (e.g., Hershkovitz, 
1962; McKenna y Bell, 1997; Michaux et al., 2001; Musser y Carleton, 
2005) consideran que los cricétidos y los múridos pertenecen a la misma 
familia: Muridae; otros (e.g., Lavocat, 1978; Reig, 1984; Flynn et al., 1985; 
Hartenberger, 1998; Freudenthal y Martín Suárez, 1999; Rummel, 1999; 
Maridet y Ni, 2013; Flynn et al., 2014), separan los miembros en dos 
familias diferentes: Cricetidae y Muridae. Aunque sigue sin haber consenso 
respecto a esta cuestión (e.g., Gomes Rodrigues et al., 2009), en esta tesis 
doctoral se va a seguir la segunda opción, en la que los cricétidos se incluyen 
dentro de la familia Cricetidae. Finalmente, siguiendo la clasificación de 
Mein y Freudenthal (1971a) que incluye representantes fósiles, los géneros 
estudiados en la presente tesis doctoral se clasifican en la subfamilia 
Cricetodontinae y en la tribu Cricetodontini.
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“—¡¿Pero qué es lo que se supone que voy a ver?!
(...)
—No lo sé. En cierto sentido, depende de ti.”
Stanislaw Lem, Solaris.
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Características principales de la familia Cricetidae
En la actualidad, Cricetidae es una de las familias de mamíferos más numerosas, con 681 
especies repartidas en 130 géneros y 6 subfamilias (Musser y Carleton, 2005). Los cricétidos 
ocupan un amplio espectro de hábitats de climas tanto secos y húmedos, como fríos y calientes 
(Nowak, 1999). La morfología externa de los cricétidos es muy particular: tienen cuerpos pequeños, 
alargados, con colas cortas, ojos pequeños y orejas que están casi completamente ocultas en la piel 
(Figura 1.2). Su comportamiento es muy diverso, la mayoría son nocturnos y entran en letargo 
durante los periodos fríos para reducir su consumo energético. Aunque son bastante sedentarios, 
algunas especies pasan por ciclos de grandes poblaciones que pueden dispersarse a grandes 
distancias en períodos de abundancia (Nowak, 1999). En lo que respecta al modo de alimentación, 
los cricétidos son igualmente diversos; pueden ser carnívoros, omnívoros o herbívoros (Nowak, 
1999). La fórmula dental es, generalmente, 1/1, 0/0, 0/0, 3/3=16. 
FIGURA 1.1. Distribución de las familias de roedores actuales y recientemente extintas (basado en Wilson y Reeder, 
2005).
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La tribu Cricetodontini Simpson, 1945, forma un distintivo grupo de cricétidos de gran 
tamaño que se encuentran presentes desde principios del Mioceno hasta el Plioceno de Europa, 
Asia y África. Esta tribu incluye los géneros Cricetodon, Hispanomys, Byzantinia, Ruscinomys, 
Deperetomys, Zramys, Eumyarion y Meteamys (Mein y Freudenthal, 1971a; Rummel, 1999). Las 
características más importantes de la tribu son, aparte de su tamaño, el grosor del esmalte, que 
puede presentar rugosidades; los surcos de los incisivos superiores y la tendencia de los molares 
a aumentar la hipsodoncia, a simplificar la morfología y a reducir el tamaño del M3 superior, así 
como a presentar el anterocono dividido (Rummel, 1999). La presencia de ectolofos muy variables 
en morfología y longitud dentro de cada una de las especies es también característica. En el capítulo 
4 (Material y Métodos) se explicará con detalle la morfología de los ectolofos. Como se discute a 
lo largo del apartado III (Paleontología Sistemática), tienen una gran variabilidad interespecífica 
y por eso son caracteres diagnósticos en varias especies de Cricetodontini (Mein y Freudenthal, 
FIGURA 1.2. Ejemplos de algunos roedores cricétidos actuales. (a-c). Mesocricetus auratus (d).Onichomys sp.
(d)
(b)
(c)
(a)
TRIBU CRICETODONTINI
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1971b; Agustí, 1982; Rummel, 1999). En general, se ha observado que los ectolofos siguen una 
tendencia al aumento de longitud y número de crestas que los componen (Agustí, 1982).
Durante el Mioceno medio y superior, los Cricetodontini forman parte de las comunidades 
de roedores de forma continua (De Bruijn y Ünay, 1996; Rummel, 1999; Kälin y Kempf, 2009; 
Daams et al., 1999c; López-Guerrero et al., en prensa). El primer registro de la tribu procede 
de la localidad de Inonak (Mioceno inferior, 22,564-22,268 Ma; De Bruijn et al., 1993) en Asia 
Menor. Los representantes de la tribu se mantienen dentro de Anatolia durante la mayor parte 
del Mioceno inferior y, tras un periodo sin registro, se encuentran en Europa en la isla de Aliveri 
(Grecia) a finales del Mioceno inferior (17,20-16,40 Ma; Hilgen et al., 2012). A partir de ese 
momento las especies de Cricetodontini se distribuyen ampliamente por toda Europa y Asia (De 
Bruijn et al., 1993; De Bruijn y Ünay, 1996; Rummel, 1999; Wu et al., 2009; Qiu, 2010) y su 
presencia es muy común durante la primera mitad Mioceno medio. En la segunda mitad del 
Mioceno medio se registra un gran número de especies nuevas de Cricetodontini en toda Europa 
(De Bruijn et al., 1993; Rummel, 1999; Kälin y Kempf, 2009; Prieto et al., 2010; Álvarez-Sierra et 
al., 2013), la mayoría de ellas son endémicas de las cuencas sedimentarias en las que se encuentran. 
Su declive en Europa y Asia Menor comienza a principios del Mioceno superior; su distribución 
geográfica empieza a restringirse al suroeste de Europa, encontrando el último representante de 
la tribu en Francia (De Bruijn et al., 1993; De Bruijn and Ünay, 1996; Rummel, 1999; López-
Guerrero et al., 2011a; Álvarez-Sierra et al., 2013).
En la Península Ibérica, las especies de Cricetodontini siguen la misma historia evolutiva 
señalada anteriormente. En el Aragoniense medio (MN5) se registra por primera vez este grupo, 
se trata de una especie endémica de la Península Ibérica (De Bruijn et al., 1993; Hernández 
Fernández et al., 2006; López-Guerrero et al., 2007, 2013a; Hernández-Ballarín et al., 2010). Al 
comienzo del Aragoniense superior (MN6) se encuentran especies que se distribuyen ampliamente 
por toda Europa (Bolliger, 1994; Rummel, 2000, 2001; Rummel y Kälin, 2003; López-Guerrero 
et al., en prensa). La segunda mitad del Aragoniense superior (MN7/8) es un periodo muy 
interesante para este grupo. Se produce un aumento de la diversidad de Cricetodontini, hay un 
mayor número de especies que presentan alta variabilidad morfológica. Además, las especies que 
aparecen son endémicas (Álvarez-Sierra et al., 2003; 2013; López-Guerrero et al., 2014). Este 
aumento en el número de taxones de Cricetodontini durante el Aragoniense superior se refleja 
en el incremento del número de especies de Cricetodon, así como por la primera presencia de 
varias especies de Hispanomys (López-Guerrero et al., 2008, 2014, en prensa). Estas especies de 
Hispanomys poseen una amplia variabilidad morfológica que, en ocasiones, ha dificultado o puesto 
en duda su asignación genérica, como se verá en el capítulo 8. El Vallesiense inferior se caracteriza 
porque las especies de Cricetodontini presentan menor variabilidad morfológica y hay también un 
descenso en el número de especies (Álvarez-Sierra, 1983; Van de Weerd, 1976; Van Dam, 1997; 
Agustí, 1980; López-Guerrero et al., en prensa). Esta pérdida de biodiversidad se acusa durante el 
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Vallesiense superior que sólo cuenta con 3 especies de Hispanomys en todo el registro ibérico (Van 
Dam et al., 2001; Hartenberger, 1965; Casanovas-Vilar, 2007; López-Antoñanzas et al., 2010).
La historia evolutiva de los Cricetodontini tuvo lugar en un contexto de cambios climáticos 
importantes. A comienzos del Mioceno medio se ha detectado un intervalo temporal caracterizado 
por altas temperaturas a nivel global, con desarrollo de climas húmedos tropicales y subtropicales 
(Zachos et al., 2001; Domingo et al., 2012; Héran et al., 2010). Este evento es conocido como 
el Óptimo Climático del Mioceno (cuyas siglas en inglés son MCO) y ha sido datado en ~17 a 
14 Ma (Zachos et al., 2001). El MCO ha sido detectado tanto en sedimentos marinos (Abels, 
2005; Mourik, 2011) como continentales (Domingo et al., 2012; Héran et al., 2010). El MCO 
fue seguido por una caída relativamente rápida de las temperaturas, el Enfriamiento del Mioceno 
Medio o MMC (según sus siglas en inglés) que inicia el régimen climático frío del Neógeno 
(Lear et al., 2000; Zachos et al., 2001; Shevenell et al., 2004). Como se verá en los capítulos 5 
y 9, el MMC es casi simultáneo a la primera presencia de Cricetodon en la Península Ibérica. 
Shevenell et al. (2004) describieron la Transición Climática del Mioceno Medio (MMCT en 
inglés) que tuvo lugar durante el Mioceno medio (14,20 a 13,80 Ma), relacionando el patrón de 
las temperaturas calculadas con fluctuaciones en la capa de hielo antártico. Finalmente, durante 
el Mioceno superior, se produce un enfriamiento adicional y una expansión de la capa de hielo de 
la Antártida (Kenneth y Barker, 1990) y del Ártico (Thiede y Vorren, 1994) que coinciden con el 
declive de la tribu Cricetodontin hasta su extinción en el Plioceno inferior.
Dada la historia evolutiva de los Cricetodontini y el contexto paleoclimático en la que ésta 
se desarrolla, parece que uno de los intervalos más interesantes para un estudio en profundidad 
de este grupo es la primera presencia en el Aragoniense medio (Mioceno medio). Igualmente 
interesante es estudiar esta tribu durante su amplia distribución por toda Europa y el rápido 
aumento de biodiversidad del Aragoniense superior (Mioceno medio). Finalizando con el estudio 
del inicio de su declive en el Vallesiense inferior (Mioceno superior). 
La taxonomía de los Cricetodontini es complicada. Este grupo tiene una alta variabilidad 
morfológica por lo que, en ocasiones, que la asignación genérica de alguna especie es muy difícil 
(Prieto et al., 2010; López-Guerrero et al., 2014) y que la inclusión de algún género en la tribu (p.e. 
Deperetomys) fuera discutida (Maridet y Ni, 2013). Algunas especies presentan una combinación 
de caracteres basales y derivados que se ajusta a un modelo evolutivo en mosaico. Este tipo de 
modelo evolutivo ha llevado a algunos autores (Klein Hofmeijer y De Bruijn, 1988; De Bruijn et 
al.,1993) a recomendar que se evite el uso de las especies de Cricetodontini para realizar escalas 
bioestratigráficas, afirmando que su utilidad está sobrestimada. Ésta pudo ser una de las causas 
por la que el uso bioestratigráfico de los miembros de Cricetodontini para el Mioceno ibérico, se 
limitó a caracterizar grandes intervalos de tiempo (Daams et al., 1999c). Por ejemplo, se indicó que 
Cricetodon es un género que caracteriza el Aragoniense e Hispanomys el Vallesiense (Daams et al., 
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1999c). Sin embargo, en otras cuencas europeas y de Asia Menor, se está poniendo de manifiesto 
la utilidad bioestratigráfica de las especies de Cricetodontini encontradas allí (Ünay et al., 2003; 
Kälin y Kempf, 2009; Böhme et al., 2012; De Bruijn et al., 2013), lo que hace muy interesante un 
estudio taxonómico en profundidad de las especies de Cricetodontini de la Península Ibérica que 
permita hacer una evaluación de la utilidad bioestratigráfica de las mismas similar a la realizada 
en centroeuropa.
Muchos de los estudios recientes sobre Cricetodontini señalan la dificultad de inferir 
las relaciones filogenéticas entre las especies debido al patrón morfológico en mosaico descrito 
anteriormente (Prieto et al., 2010, 2014; López-Guerrero et al., 2014, en prensa). Además, las 
hipótesis filogenéticas propuestas hasta la fecha (Mein y Freudenthal, 1971a; Agustí, 1981; Van de 
Weerd, 1976) se han quedado desactualizadas al haberse descrito muchas especies posteriormente. 
Por eso, es necesario acompañar al estudio taxonómico, de un estudio filogenético de los represen-
tantes de Cricetodontini.
Existen muy pocas cuencas ibéricas en las estén bien documentados los intervalos 
temporales más interesantes para el estudio de la tribu Cricetodontini (Aragoniense medio y 
superior, y Vallesiense inferior). Los mejores afloramientos se dan en la Cuenca del Duero (e. 
g., Álvarez-Sierra y García Moreno, 1986; López Martínez et al., 1986; García-Moreno, 1987; 
Álvarez-Sierra, 1987; Álvarez-Sierra et al., 1987; Álvarez Sierra et al., 1990; Krijgsman et al., 
1996), en el Vallés-Penedés (e. g., Agustí, 1977, 1980; Agustí y Gilbert, 1982; Agustí et al., 2005; 
Alba et al., 2006; Casanovas-Vilar, 2007) y en la Cuenca de Madrid (e. g., Peláez-Campomanes 
et al., 2003; Morales et al., 2004; Hernández-Ballarín et al., 2010, 2011; López-Antoñanzas et 
al., 2010). Sin embargo, en la Cuenca de Calatayud-Daroca se dan las condiciones óptimas ya 
que presenta uno de los registros de micromamíferos fósiles mejor documentados y estudiados 
del Mioceno (e.g., Freudenthal, 1963; 1966; De Bruijn y Mein, 1968; Daams, 1974, 1981, 1990, 
1999; Álvarez-Sierra, 1987; Cuenca Bescós, 1988; Daams y Freudenthal, 1988; De Jong, 1988; 
Freudenthal y Daams, 1988; Daams et al., 1999a, 1999b, 1999c; Van den Hoek Ostende, 2003, 
2012; Van der Meulen et al., 2003; 2012; Hordijk y Van der Meulen, 2007; López-Guerrero et 
al., 2008, 2009, 2011b, 2013a; García-Paredes et al., 2009, 2010; Hordijk, 2010; Oliver y Peláez-
Campomanes, 2013).
El excepcional registro de las faunas de micromamíferos, así como la continuidad estrati-
gráfica de las secciones estudiadas, ha permitido establecer en la Cuenca de Calatayud-Daroca la 
referencia de un piso continental para el Cenozoico, el Aragoniense (Daams et al., 1977; Daams y 
Freudenthal, 1981), establecido en el área de Villafeliche, en Zaragoza. Está definido y subdividido 
en función de las faunas de roedores. En la actualidad se cuenta con estudios de paleomagnetoes-
tratigrafía (Krijsman et al., 1994, 1996; Garcés, et al. 2003) que correlacionan las secciones datadas 
con yacimientos de micromamíferos con la Escala Temporal de Polaridad Geomagnética (cuyas 
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siglas en inglés son GPTS). La suma de todos estos factores de superposición estratigráfica, de 
ordenación bioestratigráfica y correlación con la GPTS ha permitido datar numéricamente la gran 
mayoría de los yacimientos estudiados (Daams et al., 1999c; Van Dam et al., 2006; Van Dam et al., 
en prensa). Por todo lo anteriormente discutido, se ha considerado que la Cuenca de Calatayud-
Daroca es la más idónea para estudiar las faunas de Cricetodontini. En ella se encuentran un 
gran número de yacimientos datados en el intervalo seleccionado para este estudio (Aragoniense 
medio-Vallesiense inferior). 
Los trabajos asociados a la presente tesis doctoral que se han ido publicando (López-
Guerrero et al., 2008, 2009, 2013a, 2013b, 2014; en prensa) ponen al día la taxonomía de los 
géneros Cricetodon e Hispanomys en la Cuenca de Calatayud-Daroca. Sin embargo, parte del 
material de Cricetodontini de la Cuenca de Calatayud-Daroca ya se estudió con anterioridad, 
tanto en trabajos taxonómicos (e.g., Freudenthal, 1963, 1966; Mein y Freudenthal, 1971a) como 
bioestratigráficos (e.g., Daams y Freudenthal, 1988; Daams et al., 1999b). También se citó la 
presencia de Cricetodontini en varios yacimientos, sin describir el material en detalle (Daams et 
al., 1999c; Álvarez-Sierra et al., 2003; López-Guerrero et al., 2011b). Por otro lado, también están 
estudiados los Cricetodontini de la Cuenca de Teruel-Alfambra, próxima a Calatayud-Daroca 
(Van de Weerd, 1976; Van Dam, 1997), así como los del resto de cuencas de la Península Ibérica 
y Europa (e.g., De Bruijn et al., 1993; Aguilar et al., 1994, 2007; Rummel, 1995, 2000, 2001; De 
Bruijn y Ünay, 1996; Rummel y Kälin, 2003; Agustí et al., 2005; Hernández Fernández et al., 
2006; López-Antoñanzas y Mein, 2009, 2011; López-Antoñanzas et al., 2010). Por lo que se 
cuenta con muchos trabajos que sirven de apoyo y consulta para esta investigación.
Teniendo en cuenta todo lo anterior, en el presente trabajo se realizará una revisión 
taxonómica y sistemática de las especies de Cricetodontini de la Cuenca de Calatayud-Daroca. 
Con esta información se evaluará la utilidad bioestratigráfica de los Cricetodontini dentro de 
la cuenca y se discutirán las relaciones filogenéticas de cada una de las especies encontradas A 
continuación se detallarán los mismos.
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 Como ya se ha comentado anteriormente, la tribu Cricetodontini 
tiene un gran interés, especialmente durante el Aragoniense medio y 
superior y del Vallesiense inferior (Mioceno medio y superior), y por ello 
se ha planteado su estudio en la Cuenca de Calatayud-Daroca. El principal 
objetivo de esta tesis es abordar el estudio sistemático y bioestratigráfico 
del grupo. Para ello hay que determinar taxonómicamente las especies 
presentes en cada uno de los yacimientos, evaluar su utilidad bioestrati-
gráfica y hacer un análisis cladístico que nos ayude a entender las relaciones 
filogenéticas entre dichas especies.
De esta forma, los objetivos que, de forma efectiva, se pretenden 
cumplir en esta tesis doctoral son los siguientes:
1. Revisar la taxonomía de la tribu en el intervalo de tiempo 
estudiado. Para este primer objetivo, hay que llevar a cabo los 
aspectos particulares propios de un estudio sistemático:
• Conocer la variabilidad morfológica y métrica del material 
de cada yacimiento para comprobar si los fósiles pertenecen 
a una sola especie o a varias.
• Agrupar los especímenes que presentan la misma morfología 
y talla, para caracterizar su variabilidad.
• Comparar cada uno de estos grupos morfológicos con todas 
de las especies de Cricetodontini descritas hasta la fecha 
para identificar a qué especie pertenecen o si se trata de una 
especie nueva.
2
objetIvos
“If you watch animals objectively for any length of time, you’re 
driven to the conclusion that their main aim in life is to pass on 
their genes to the next generation.”
David Attenborough
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• Discutir todos los aspectos taxonómicos de las especies encontradas en la cuenca, 
enmendando su diagnosis, si procediera. 
A partir del estudio de la variabilidad en morfología y talla de cada uno de los molares, se 
realizará una asignación taxonómica de los fósiles de Cricetodontini del Aragoniense medio y 
superior, y del Vallesiense inferior.
2. Como segundo objetivo se ha fijado evaluar la utilidad bioestratigráfica de las especies. 
Debido a su gran complejidad y a la dificultad de establecer los límites morfológicos 
entre especies, los miembros de Cricetodontini se han usado tradicionalmente en el 
área estudiada únicamente a nivel de género y para caracterizar sólo grandes intervalos 
temporales. Con la determinación taxonómica de las especies en la Cuenca de 
Calatayud-Daroca y el estudio de sus distribuciones estratigráficas, se podrá evaluar su 
utilidad bioestratigráfica.
3. El tercer objetivo consiste en llevar a cabo un análisis filogenético de las especies de 
Cricetodontini mediante la metodología cládística. Para ello, se ha tenido que completar 
el primer objetivo y conocer la variabilidad morfológica y métrica de los miembros 
de Cricetodontini. Al usar el método cladístico, se han tenido que decidir aspectos 
esenciales como:
• Establecer qué especies van a formar parte del análisis, entre el resto de especies de 
Cricetodontini de Europa, Asia Menor y China. 
• Decidir qué caracteres son los más idóneos para describir tanto la variabilidad 
genérica como la específica.
A partir de los resultados del estudio filogenético, se obtendrá el cladograma más parsimonioso 
que servirá de base para la comprobación de las hipótesis filogenéticas previas a este trabajo y 
durante el transcurso del mismo. Igualmente se propondrán nuevas hipótesis de parentesco de los 
Cricetodontini del Mioceno medio y superior de Calatayud-Daroca.
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Contexto Geológico
El área estudiada en la presente tesis doctoral se encuentra en el sector NE de la Península Ibérica, en la provincia de Zaragoza, entre las localidades de Calatayud y Nombrevilla 
(Figura 3.1). Geológicamente, forma parte del complejo de grábenes 
tectónicos sedimentarios situados entre Calatayud y Teruel. Este gran 
complejo está formado por dos grandes subfosas que presentan direcciones 
estructurales diferentes, aunque actualmente estén conectadas (Sanz Rubio, 
1999). Estas grandes subfosas se conocen como las cuencas de Alfambra-
Teruel-Ademuz y de Calatayud-Montalbán (Ferreiro y Ruiz, 1991). La 
Cuenca de Calatayud-Montalbán está formada por dos subcuencas: la de 
Calatayud, también llamada de Calatayud-Daroca (Colomer y Santanach, 
1988; Anadón y Moissenet, 1996) y la de Montalbán, separadas durante gran 
parte del Neógeno por el umbral de Daroca (Sanz Rubio, 1999; Sanz-Rubio 
et al., 2003). Como consecuencia de esta separación, los sedimentos que las 
rellenan son de diferentes edades: la Cuenca de Montalbán, en el sector 
meridional, contiene depósitos generalmente más antiguos y la Cuenca 
de Calatayud-Daroca, en el sector septentrional, cuenta con sedimentos 
más modernos (Sanz Rubio, 1999; Sanz-Rubio et al., 2003). Esta última 
contiene todos los yacimientos estudiados en esta tesis doctoral.
La Cuenca de Calatayud-Daroca cuenta con una extensión de unos 
60 Km de largo, es relativamente estrecha, entre 10 y 26 Km de ancho, 
y tiene una orientación NO‐SE (Alcalá et al., 2000). Está limitada por 
los macizos paleozoicos de Ateca-Daroca en el borde occidental y de 
Calatayud-Montalbán en su límite oriental (Ferreiro y Ruiz, 1991; Álvarez-
Sierra et al., 2003). 
3
contexto GeolóGIco
“Geology is the science which investigates the successive changes that 
have taken place in the organic and inorganic kingdoms of nature; it 
enquires into the causes of these changes, and the influence which they 
have exerted in modifying the surface and external structure of our 
planet.”
Sir Charles Lyell
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FIGURA 3.1. Situación geográfica de las cuencas de Calatayud-
Montalbán y Alfambra-Teruel-Ademuz. En detalle las subfosas de 
Calatayud-Daroca y Montalbán (Modificado de Gómez Cano et al., 
2011).
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Sedimentos de edad cuaternaria La Cuenca de Calatayud-Daroca se formó durante el Neógeno (Cenozoico) 
en un régimen distensivo como resultado 
de los cambios de la zona de convergencia 
entre África y Eurasia desde los Pirineos 
hasta la Cordillera Bética (Alcalá et al., 
2000). Esta cuenca pertenece a un grupo 
importante de depocentros que forman 
parte de un sistema extensional de larga 
amplitud y todavía activo que une los 
grábenes de Valencia con los de Francia y 
Centroeuropa (Alonso-Zarza et al., 2002). 
Las rocas sedimentarias del Cenozoico 
en España fueron depositadas durante y 
después de la compresión alpina en el área 
ibérica (Alonso-Zarza et al., 2002). 
La estructura de la cuenca es 
compleja y presenta dos grandes variaciones 
( Julivert, 1954; Ferreiro y Ruiz, 1991; 
Alcalá et al., 2000). En el margen norte 
(área de Calatayud) la estructura tiene 
forma de gráben, mientras que el margen suroeste presenta fallas strike-slip, como la falla del 
Jiloca, de dirección NO-SE ( Julivert, 1954; Ferreiro y Ruiz, 1991; Anadón y Moissenet, 1996; 
Alcalá et al., 2000) que están acompañadas de cabalgamientos de bajo ángulo del basamento sobre 
depósitos aluviales sintecnónicos (Colomer y Santanach, 1988; Casas et al., 2003).
Los depósitos del Cenozoico continental de las cuencas de la Península Ibérica han sido 
objeto de muchos estudios estratigráficos, sedimentarios y paleontológicos (e.g., López Martínez, 
1987; Calvo et al., 1993; Alonso-Zarza et al., 2002). Igualmente, los trabajos centrados en los 
depósitos terciarios de la Cuenca de Calatayud-Daroca han sido numerosos (e.g., Julivert, 1954; 
Colomer y Santanach, 1988; Daams et al., 1999b, 1999c; Sanz Rubio, 1999; Alonzo Zarza y 
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Calvo, 2000; Alcalá et al., 2000; Casas et al., 2003; Sanz-Rubio et al., 2003; Van Dam et al., 
en prensa). El relleno sedimentario de la Cuenca de Calatayud-Daroca comprende materiales 
detríticos de carácter aluvial (conglomerados, areniscas, limos y arcillas) en los sectores es de la 
cuenca, donde se acumulan potencias de hasta 1.200 m (Sanz-Rubio et al., 2003). El Neógeno 
de la Cuenca de Calatayud-Daroca ha sido dividido en tres unidades litoestratigráficas (Inferior, 
Intermedia y Superior) separadas por rupturas sedimentarias. No se han encontrado en la cuenca 
afloramientos datados de materiales previos al Rambliense (Mioceno inferior) (Sanz-Rubio et 
al., 2003). Sin embargo, se ha considerado que el inicio de la sedimentación tuvo lugar durante el 
Paleógeno, probablemente durante el Oligoceno (Sanz Rubio, 1999; Sanz-Rubio et al., 2003). Los 
yacimientos estudiados en la presente tesis doctoral se encuentran situados en la citada Unidad 
Intermedia que está formada por un gran espesor de yesos laminados y depósitos dolomíticos 
en el centro de la cuenca, mientras que en las áreas de borde de cuenca, hay localizados sistemas 
lacustres extensos y aislados (Sanz Rubio, 1999). La edad asignada a la Unidad Intermedia es 
Aragoniense medio-Vallesiense (Sanz-Rubio et al., 2003). 
Los depósitos de la sección tipo del Aragoniense se encuentran situados al este de 
Villafeliche. Se situan encima de formaciones Paleozoicas, generalmente relacionados a través 
de una discordancia, aunque localmente hay contactos por fallas. La estructura del área tipo es, 
en general, relativamente simple. Se trata de una antiforma cuyo flanco sur está afectado tectóni-
camente, plegándose mientras que el flanco norte sufre un fallado normal. De esta manera, cerca 
del margen Paleozoico, la base del Mioceno presenta un buzamiento de aproximadamente 50o 
NE. Este buzamiento disminuye rápidamente hacia el área de la Rambla de Vargas (Figura 3.2). 
En el margen norte, los depósitos Aragonienses buzan progresivamente hacia el NE y se vuelven 
casi verticales como resultado de una falla (Daams et al., 1999c; Figura 3.2). En las áreas es de 
la Cuenca de Calatayud-Daroca, los materiales de edad Aragoniense corresponden a depósitos 
de evaporitas, fundamentalmente yesos laminados y margas que pasan a unidades de caracter 
carbonatado en las partes más altas (Sanz Rubio, 1999; Alcalá et al., 2000). Finalmente, en el lado 
noroeste de la Cuenca de Calatayud-Daroca, los depósitos de edad Aragoniense son materiales 
siliciclásticos constituidos por limos y arenas rojizas que culminan en un tramo de calizas (Alcalá 
et al., 2000)
Se han descrito tres unidades litoestratigráficas no formales dentro del Aragoniense: 
Valdemoros-Vargas, Las Umbrías y Las Planas. Parte de los yacimientos estudiados en la presente 
tesis doctoral se han encontrado en las unidades de Las Umbrías y Las Planas. A continuación se 
detalla su litoestratigrafía.
Unidad de Las Umbrías—Esta unidad contiene calizas tobáceas, margas verdosas y grises, 
y carbonatos nodulares. El espesor puede alcanzar unos 22 m. La parte superior consiste en una 
capa de carbonatos nodulosos finos que se encuentran depositados sobre una capa de lutitas 
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FIGURA 3.2. Mapa geológico y columna estratigráfica sintética del área tipo del Aragoniense en la Cuenca de Ca-
latayud-Daroca (Zaragoza). En el mapa se señalan los principales yacimientos fosilíferos (Modificado de Daams et al., 
1999c).
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rojas que se puede seguir lateralmente en casi toda el área y representa un buen nivel guía. Estos 
depósitos carbonatados y margosos se formaron en un ambiente palustre en el que pequeños 
lagos someros alternaban con períodos de exposición subaérea (Platt y Wrigth, 1992; Alonso 
Zarza et al., 1992). El carácter somero de los lagos se inferido a partir de la presencia común 
de estructuras relacionadas con suelos, como bioturbación por raíces, estructuras hidromórficas y 
nodulares (Daams et al., 1999c).
Unidad de Las Planas—Esta unidad está compuesta por lutitas rojas con intercalación de 
margas y calizas. Las lutitas rojas afloran en forma de grandes capas, de hasta 10 m de espesor. Las 
margas verdes y grises aparecen asociadas a los carbonatos, generalmente por encima o debajo de 
éstos. Los carbonatos son dolomicritas nodulares típicas que presentan huellas de desecación o de 
bioturbación por raíces; pueden tener de 0,5 a 1,80 m. El espesor total puede llegar a los 110 m. 
Esta asociación de facies sugiere que los depósitos se acumularon en zonas de bajo relieve en partes 
distales de abanicos aluviales. Los carbonatos y margas se depositaron en lagos o charcas muy 
someros que experimentaron frecuentes episodios de exposición subaérea (Daams et al., 1999c).
En cuanto a la litoestratigrafía y sedimentología de los depósitos de edad Vallesiense inferior 
en la Cuenca de Calatayud-Daroca, se encuentran lutitas rojas, con intercalaciones locales de 
gravas y arenas, que se alternan con niveles carbonatados en los que predominan calizas nodulosas 
y acumulaciones de oncolitos y tobas (Alcalá et al., 2000). Esta asociación de facies correspondería 
a un ambiente de abanicos aluviales que se intercalan con lagos carbonatados muy someros y con 
periodos largos de exposición subaérea (Alcalá et al., 2000).
Secciones estratigráficas estudiadas
Las prospecciones realizadas la Cuenca de Calatayud-Daroca han hecho posible localizar 
un gran número de yacimientos de edad Aragoniense medio, superior y Vallesiense inferior. De 
éstos, 54 contienen representantes de la tribu Cricetodontini, la mayoría de ellos se agrupan en 
varias secciones estratigráficas. Las tres secciones más importantes en las que se han encontrado 
los yacimientos de este estudio son:  Parte de la sección tipo del Aragoniense (en concreto, la 
sección de Valdemoros-Las Umbrías-Las Planas), Toril-Nombrevilla y Cañada (Daams et al., 
1999c; Álvarez-Sierra et al., 2003; López-Guerrero et al., 2011b). 
Sección tipo del Aragoniense—(Figuras 3.2; 3.3) esta sección está compuesta por otras 
tres parcialmente solapadas. Todas ellas situadas en la Rambla de Vargas, próxima al municipio de 
Villafeliche. La sección de Valdemoros es la parte inferior de la sección tipo y se encuentra al sur 
de la Rambla de Vargas; la sección de Las Umbrías continúa la sección de Valdemoros al norte de 
la rambla, y, finalmente, la sección de Las Planas es la parte superior de la sección tipo (Daams et 
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FIGURA 3.3.  (a) Tramo medio y superior de la sección tipo del Aragoniense en las áreas de Las Umbrías y Las Planas. 
Las columnas muestran detalles de las estructuras sedimentarias, los yacimientos están señalados mediante el símbolo de 
un hueso. Modificado de Daams et al., 1999c (Fotografía  (c) de A. Martín Monge). (b) Vista general de los yacimientos 
Las Umbrías. (c) Yacimiento Las Planas 5H.
(a)
(b) (c)
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FIGURA 3.4. (a). Columnas estratigráficas de Los Andurriales, Pedregueras, Toril y Nombrevilla, correlacionadas con 
la escala cronoestratigráfica (Modificado de Van Dam et al., en prensa). (b). Vista general de la sección de Nombrevilla. 
(Fotografía de A. Martín Monge).
(a)
(b)
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FIGURA 3.5. Vista general de los yacimientos Toril 3A (a); Toril 3B (b); Nombrevilla 2 (c); Nombrevilla 3 y Nombrevilla 4 (d). 
(Fotografías de A. Martín Monge) 
(d)
(c)
(a)
(b)
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al., 1999c; Van der Meulen et al., 2012). En total, se han encontrado 37 yacimientos de los cuales 
14, de edad Aragoniense medio y superior, se han estudiado en la presente tesis doctoral (Daams 
et al., 1999c; Van der Meulen et al., 2012).
Sección Toril-Nombrevilla—(Figuras 3.4; 3.5) esta sección está compuesta a su vez por 
otras tres. La sección de Toril, que incluye las localidades de Toril y Pedregueras, está situada al 
NO próxima a la ciudad de Daroca. Se completa con otras dos secciones situadas más al SE, en 
los alrededores de la localidad de Nombrevilla (Alcalá et al., 2000; Álvarez Sierra et al., 2003). Se 
han estudiado los 17 yacimientos de edad Aragoniense superior y el Vallesiense inferior (Álvarez-
Sierra et al., 2003).
Sección Cañada—está situada al SE de la sección tipo del Aragoniense, entre ésta y la 
sección de Toril-Nombrevilla. Consta de nueve yacimientos, seis de ellos de edad Vallesiense y dos 
de edad Turoliense que no se han incluído en este estudio (López-Guerrero et al., 2011b).
Otras secciones también importantes, pero de menor extensión son: Los Andurriales, 
Valalto,  Armantes, Alcocer y Paje. Finalmente, se incluyen 5 localidades aisladas: Manchones, 
Borjas, Arroyo del Val 6, Villafeliche 9 y Solera. (Alcalá et al., 2000; Álvarez Sierra et al., 2003; 
Garcés et al., 2003; López-Guerrero et al., 2008; Van der Meulen et al., 2012; Van Dam et al., en 
FIGURA 3.6. Mapa y ortofoto con la situación geográfica de las secciones Cañadas, Andurriales, Pedregueras, Toril y Nom-
brevilla (Modificado de Van Dam et al., en prensa).
28
Capítulo 3
prensa; Figura 3.6).
Como se ha explicado en la introducción, muchos de los yacimientos estudiados están estratigráficamente superpuestos. Este hecho no es muy frecuente en el caso de las localidades de vertebrados continentales y ha permitido realizar la 
propuesta de una biozonación local. También se han podido hacer estudios de paleomagnetoes-
tratigrafía (Krijsman et al., 1994, 1996; Garcés et al., 2003; Van Dam et al., en prensa) y establecer 
la correlación con la escala magnetoestratigráfica. Por tanto, la gran mayoría de los yacimientos 
estudiados tienen dataciones numéricas. En esta tesis doctoral se han usado las edades propuestas 
por Daams et al. (1999b, 1999c), Van Dam et al. (2006) y Van Dam et al. (en prensa) recalibradas 
de acuerdo con la Astronomically Tuned Neogene Time Scale (ATNTS2004; Lourens et al., 2004; 
ATNTS2012; Hilgen et al., 2012). En total, el intervalo de tiempo que abarcan estos yacimientos 
es desde unos 15 Ma hasta unos 9 Ma aproximadamente (Daams et al., 1999b; Garcés et al., 2003; 
Van Dam et al., 2006; Van der Meulen et al., 2012; Van Dam et al., en prensa). Este intervalo de 
tiempo corresponde, en parte, a los pisos continentales Aragoniense y Vallesiense.
El piso continental Aragoniense fue propuesto y definido por Daams et al. (1977) en 
el área de la Rambla de Vargas (Figura 3.2) situada en las inmedicaciones de la localidad de 
Villafeliche. Daams y Freudenthal (1981) y posteriormente Daams et al. (1987) plantearon una 
biozonación local y subdividieron el Aragoniense en seis zonas: B, C, D, E, F y G. Se incluyeron 
algunos cambios en los siguientes trabajos (Daams y Freudenthal, 1988) como fue la propuesta de 
subdivisión de las biozonas locales D (D1, D2 y D3) y G (G1, G2 y G3). En la última revisión 
integral del Aragoniense (Daams et al., 1999b) se estudiaron 108 yacimientos, se describieron 
detalladamente las unidades litoestratigráficas y la sección tipo del Aragoniense. También se 
proporcionaron las edades numéricas de las localidades siguiendo las correlaciones magnetoes-
tratigráficas con la GPTS propuestas por  Krijgsman et al. (1994, 1996) y dataron el Aragoniense 
entre 17 y 11 Ma. En ese trabajo se cambió la subdivisión de la biozona D, que pasó a ser Da, Db, 
Dc y Dd. Recientemente, Van der Meulen et al. (2012) hicieron una nueva revisión bioestrati-
gráfica del Aragoniense inferior y medio. Pusieron al día el contenido faunístico de los yacimientos 
del área tipo del Aragoniense, con el que redefinieron las biozonas desde la B hasta la F, dividiendo 
la biozona C (Ca y Cb). Utilizando las nuevas edades numéricas y datos magnetoestratigráficos 
(Van Dam et al., 2006) dataron numéricamente los límites de las biozonas locales y los principales 
eventos bióticos, así como se definieron formalmente cada biozona.
CONTEXTO CRONOLÓGICO 
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El término Vallesiense fue definido por Crusafont en 1950 en la cuenca catalana del Vallès-
Penedès para denominar a las primeras faunas europeas que contienen el équido Hipparion. 
El primer registro de Hipparion se ha considerado como el límite de este piso continental. Sin 
embargo, estudios magnetoestratigráficos en secciones de la Cuenca de Calatayud-Daroca (Garcés 
et al., 2003) y en la Cuenca del Vallès-Penedès (Garcés et al., 1996) sugirieron que la llegada de 
este équido a la Península Ibérica fue diacrónica, datando antes la primera presencia de Hipparion 
en la Cuenca del Vallès-Penedès que en la Cuenca de Calatayud-Daroca (Garcés et al., 2003). 
El Vallesiense tiene dos divisiones: el Vallesiense inferior; dentro del cual se definieron las 
biozonas locales H e I (Daams y Freudenthal, 1981) para la Cuenca de Calatayud-Daroca, y el 
Vallesiense superior en el que Van de Weerd (1976) describió una única biozona en la Cuenca 
de Alfambra-Teruel-Ademuz, Progonomys hispanicus, que más tarde se subdividió en tres ( J1, J2 
y J3) (Van Dam, 1997; Van Dam et al., 2001). El final del Vallesiense inferior se ha considerado 
como un periodo de crisis (Agustí y Moyá Solá, 1990) en grupos como por ejemplo, los eomíidos, 
cricétidos y glíridos. Sin embargo, recientes trabajos (Casanovas-Vilar et al., 2005, 2013, 2014; 
García-Paredes y Casanovas-Vilar, 2013; Maddern et al., 2013) relativizan las dimensiones de la 
crisis del Vallesiense y justifican la conclusión sacada por Agustí y Moyá Solá (1990) en la escasez 
de yacimientos encontrados en el Vallesiense superior en contraposición con el Vallesiense inferior, 
en ese momento.
En la tabla 3.1 se presentan los yacimientos estudiados junto con su datación numérica 
calculada por Daams et al. (1999c), Van Dam et al. (2006) y Van Dam et al. (en prensa). 
En la figura 3.7 se indica el marco cronológico y bioestratigráfico usado en esta tesis doctoral. 
Los yacimientos de este estudio están situados entre las biozonas locales E e I. A continuación se 
detallan cada una de estas biozonas señalando las especies que las definen.
La biozona E—definida por Daams y Freudenthal (1981), ha sido estudiada y redefinida 
recientemente por Van der Meulen et al. (2012). Está caracterizada por la presencia de dos 
taxones: la primera presencia común de Heteroxerus grivensis y de Megacricetodon rafaeli. También 
presenta como eventos característicos: la primera presencia de Cricetodon y una especie nueva de 
Heteroxerus no descrita. Pseudodryomys ibericus, Simplomys simplicidens, Pseudodryomys rex, Megacri-
cetodon collongensis y Democricetodon lacombai tienen sus últimas presencias en esta biozona. El 
yacimiento más antiguo de la biozona es Las Umbrías 11 (14,06 Ma), y el más moderno, Las 
Umbrías 20 (13,80 Ma). 
La biozona F—según Daams y Freudenthal (1981) se caracteriza por la presencia de dos 
especies de Megacricetodon que Daams et al. (1999c) determinaron como M. gersii y M. rafaeli. 
También se consideran taxones característicos: Democricetodon darocensis y Cricetodon (aunque son 
poco abundantes). La fauna de glíridos es pobre. El yacimiento más antiguo de la biozona es Las 
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Umbrías 22 (13,76 Ma), y el más moderno, Valalto 2C (13,68 Ma según Daams et al., 1999c). 
La biozona G1—descrita por Daams y Freudenthal (1988) y redefinida por Daams et al 
(1999c), se caracteriza por la presencia de dos especies de Megacricetodon: M. gersii y M. minor. El 
yacimiento más antiguo de la biozona es Las Planas 5B (13,56 Ma) y el más moderno es Valalto 
1 (13,30 Ma de acuerdo con Daams, 1999c). 
La biozona G2—definida por Daams y Freudenthal (1988) y posteriormente redefinida 
por Daams et al. (1999c), se caracteriza por la presencia de faunas de cricétidos similares a la 
G1, pero M. gersii es sustituido por M. crusafonti. Los glíridos son poco abundantes, aunque 
muy diversos; puede encontrarse Myomimus dehmi, Muscardinus thaleri, Myoglis meini y dos 
especies de Microdyromys. También se ha comentado la 
presencia del eomíido Emyops (Daams et al., 1999c). El 
yacimiento más antiguo es Manchones (13,25 Ma de 
acuerdo con Daams et al., 1999c), y el más moderno es 
Las Planas 5K (13,08 Ma).
La biozona G3—se definió en 1988 por Daams 
y Freudenthal y se redefinió por Daams et al. (1999c). 
Está caracterizada por la presencia de Megacricetodon 
minor y una asociación transicional entre M. crusafonti 
y M. ibericus. Cricetodon es relativamente frecuente y 
Democricetodon darocensis se reemplaza por D. crusafonti 
en la parte superior. Los glíridos son comparables 
a los de la G2, y los castores pueden estar presentes. 
El yacimiento más antiguo es Villafeliche 9 (12,85 
Ma según Daams et al., 1999c) y el más moderno es 
Nombrevilla 2 (11,87 Ma). 
La Biozona H—se describió en 1981 por Daams 
y Freudenthal. Pertenece en parte al Aragoniense 
superior y al Vallesiense inferior, se redefinió por 
Daams et al. (1999c) por la presencia de dos especies 
del género Megacricetodon diferentes a las presentes 
en la biozona local G3: Megacricetodon ibericus y M. 
minor o M. debruijni, así como por la presencia y mayor 
abundancia de Hispanomys frente a Cricetodon. El glírido 
Myomimus dehmi es frecuente pero Democricetodon 
crusafonti, Muscardinus hispanicus y los Castoridae no lo 
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FIGURA 3.7. Esquema gráfico del mar-
co cronológico en el que están situados los 
yacimientos estudiados. Se presentan las correla-
ciones propuestas entre las épocas del Mioceno, 
los pisos continentales, las zonas de mamíferos 
neógenos y la biozonación local (Daams et al., 
1999; Garcés et al., 2003; Van der Meulen et al., 
2012; Van Dam et al., 2006; Van Dam et al., en 
prensa).
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son. Hay dos yacimientos que, siendo de edad Aragoniense superior, pertenecen a la biozona H: 
Nombrevilla 9 y Nombrevilla 10. El resto (Tabla 3.1) son vallesienses (Álvarez-Sierra et al., 2003; 
Garcés et al., 2003; López-Guerrero et al., en prensa). 
La Biozona I—se describió en 1981 por Daams y Freudenthal. Posteriormente se redefinió 
por Daams et al. (1999c) por la presencia de Megacricetodon debruijni. Cricetulodon e Hispanomys 
son comunes y Democricetodon sulcatus y los Castoridae son poco frecuentes. El glírido Ramys 
multicrestatus se registra por primera vez, Muscardinus hispanicus y Myomimus dehmi son relati-
vamente comunes. Hipparion está presente. El yacimiento más antiguo de esta biozona es 
Nombrevilla 13 (10’72 Ma según Van Dam et al., en prensa) y el más moderno es Nombrevilla 19 
(9,98 Ma según Van Dam et al., en prensa).  
Localidad Ab. Biozona Edad Localidad Ab. Biozona Edad
Nombrevilla 19 NOM19 I 9,98 Alcocer 3 AC3 G3 ―
Pedregueras 2C PED2C I 10,38 Alcocer 2 AC2 G3 ―
Pedregueras 2A PED2A I 10,62 Alcocer 1 AC1 G3 ―
Pedregueras 1A PDA I ― Villafeliche 9 VL9 G3 ―
Nombrevilla 14 NOM14 I 10,68 Arroyo del Val VI ARV6 G2 ―
Nombrevilla 13 NOM13 I 10,72 Las Planas 5K LP5K G2 13,08
Nombrevilla 22 NOM22 I ― Las Planas 5L LP5L G2 13,16
Cañada 11 CAÑ11 H ― Borjas BOR G2 ―
Cañada 10 CAÑ10 H ― Manchones MAN G2 ―
Cañada 9 CAÑ9 H ― Valtalto 1 VT1 G1 13,30
Cañada 8 CAÑ8 H ― Las Planas 5C LP5C G1 13,55
Nombrevilla 1 NOM1 H 10,77 Las Planas 5B LP5B G1 13,56
Nombrevilla 10 NOM10 H 11,18 Valalto 2C VT2C F 13,68
Nombrevilla 9 NOM9 H 11,20 Valtalto 2B VT2B F 13,70
Carrilanga 1 CARR1 G3 11,33 Armantes 7 ARM7 F ―
Nombrevilla 4 NOM4 G3 11,80 Las Umbrías 21 LUM21 F 13,75
Nombrevilla 3 NOM3 G3 11,84 Las Umbrías 22 LUM22 F 13,76
Nombrevilla 2 NOM2 G3 11,87 Las Umbrías 20 LUM20 E 13,80
Solera SOL G3 12,01 Las Planas 4C LP4C E 13,88
Paje 2 PJE2 G3 12,26 Las Umbrías 19 LUM19 E 13,95
Paje 1 PJE1 G3 12,39 Las Planas 4B LP4B E 13,96
Las Planas 5H LP5H G3 12,60 Las Planas 4BA LP4BA E ―
Toril 3B TOR3B G3 12,65 Las Planas 4A LP4A E 13,98
Toril 3A TOR3A G3 12,65 Las Umbrías 16 LUM16 E 14,04
Toril 2 TOR2 G3 ― Las Umbrías 11 LUM11 E 14,06
Toril 1 TOR1 G3 ―
TABLA 3.1. Listado de los yacimientos estudiados, sus abreviaturas (ab.), la biozona a la que pertenecen y la edad 
calculada está basada en algunos casos en la correlación directa con la escala geomagnética. En otros casos, la edad está 
obtenida a partir de los yacimientos datados directamente y las tasas de sedimentación calculadas para estos depósitos. 
La metodología de cálculo de las edades se recoge en Krijgman et al, 1994; Daams et al., 1999b, 1999c.; Garcés et al., 
2003 y Van Dam et al., en prensa. Las edades están recogidas de Daams et al. (1999c); Van Dam et al. (2006) y Van 
Dam et al., en prensa.
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En el presente trabajo se han estudiado 3.181 molares de roedores cricétidos provenientes de 54 yacimientos. La tabla 4.1 muestra la información acerca del número de 
especímenes estudiados, el yacimiento al que pertenecen y la institución en 
la que están conservados. Para comparar el material de este estudio con las 
especies de Cricetodontini, se han estudiado directamente 925 fósiles de 12 
localidades tipo, todas ellas situadas fuera de la Cuenca de Calatayud-Daroca 
(Tabla 4.2). En cada capítulo del apartado (Paleontología sistemática) 
se especifica qué material se ha estudiado y a qué institución pertence. 
Además, se han estudiado 344 molares de las colecciones alemanas de la 
Cuenca de Antepaís Nordalpina, así como 90 fósiles de la Molasa de la 
baja Austria (Tabla 4.2). Algunos de estos fósiles centroeuropeos ya habían 
sido publicados (Boom, 1991; Rummel, 2001; Heißig, 2006; Daxner-
Höck, 2003) y otros son inéditos, pero todos ellos han sido descritos y 
medidos para este trabajo. Estos fósiles han aportado información acerca 
de la variabilidad intraespecífica de determinadas especies de amplia distri-
bución geográfica. En total, se han medido y descrito casi 4500 fósiles.
4
MaterIal y Métodos
“Scientific method includes, in short, all the processes by which 
the observing and amassing of data are regulated with a view to 
facilitating the formation of explanatory conceptions and theories.” 
John Dewey
MATERIAL
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TABLA 4.1. Marco cronológico y bioestratigráfico de los yacimientos estudiados de la Cuenca de Calatayud-Daroca. Se incluye 
la información con la institución en la que están conservados y el número de especímenes estudiados separados por elemento 
dental. Abreviaturas: Yac., yacimiento; Ab., Abreviatura; Inst., institución; IAUU, Instituut voor Aardwetenschappen, Utrecht 
University (Países Bajos); MNCN, Museo Nacional de Ciencias Naturales-CSIC, Madrid (España); RGM, Naturalis Biodi-
versity Center, antiguo Rijksmuseum van Geologie en Mineralogie, Leiden (Países Bajos); N, Número de elementos. Las barras 
azules representan gráficamente, con escalado logarítmico, el número de fósiles de cada yacimiento.
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TABLA 4.2. Número de ejemplares estudiados para realizar la comparación con el material de Calatayud-Daroca. (a). Locali-
dades del Mioceno medio de Europa Central. Los fósiles que están actualmente en supervisión se han citado bajo nomenclatura 
abierta como Cricetodon sp. Asignaciones taxonómicas obtenidas de Heißig, 1997, 2006; Rummel, 2000, 1995; Daxner-Höck, 
2003; Prieto, 2007 y Seehuber, 2008. (b). Localidades tipo de algunas especies de Cricetodontini. La edad de cada una de 
estas localidades se especifica en la sección Material and Methods de cada uno de los capítulos del apartado III (Paleontología 
Sistemática). Abreviaturas: BSPG, Bayerische Staatssammlung für Paläontologie und Geologie, Munich (Alemania); MNCN, 
Museo Nacional de Ciencias Naturales-CSIC, Madrid (España); UCM, Universidad Complutense de Madrid, (España); 
RGM, Naturalis Biodiversity Center, antiguo Rijksmuseum van Geologie en Mineralogie, Leiden (Países Bajos); NHNB, 
Muséum d’Histoire Naturelle de Bâle (Suiza); PM, Pásztó Múzeum, Pásztó (Hungría); MHW, Naturhistorisches Nuseum 
Wien, Viena (Austria); NA, Naturmuseum Augsburg, Ausburgo (Alemania). 
Especie Localidad M1 M2 M3 m1 m2 m3 N Institución
C. meini Burtg-Balzhausen 11 12 1 10 ― 10 44 NA
C. aff. meini Ebershausen ― 3 2 ― 2 ― 7 BSGP
Cricetodon sp. Gallenbach2b 27 18 8 18 16 9 96 BSGP
C. aureus Göttschlag 5 3 ― 3 ― ― 11 BSGP
Cricetodon sp. Hahnenberg ― ― ― 1 ― 2 3 BSGP
C. cf. meini Höhenraunau 1 ― ― ― ― 1 2 NA
Cricetodon sp. Höll 1 1 1 ― 1 1 5 BSGP
C. cf. sansaniensis/C. cf. engesseri Kirrberg-Tongrube 4 5 2 6 5 2 24 NA
Cricetodon sp. Kleinensenbach 3 2 2 5 3 3 18 BSGP
C. aureus Laimering2 20 15 12 13 ― ― 60 BSGP
C. aureus Laimering3 6 10 ― 8 6 9 39 BSGP
C. aureus Laimering5 ― 1 ― 4 1 3 9 BSGP
Cricetodon sp. Mörgen 2 1 2 ― 1 2 8 NA
Cricetodon sp. Petersbuch14 1 ― ― ― ― ― 1 BSGP
C. aureus Unterneul1a 3 1 1 ― ― 2 7 BSGP
Total Alemania Total Alemania 84 72 31 68 35 44 334 Total Alemania
C. meini Mühlbach1 2 5 5 3 7 1 23 NHW
C. meini Mühlbach2 10 8 7 9 4 7 45 NHW
C. meini Goldberg, Nördlinger Ries/BRD 1 2 3 3 4 2 15 NHW
C. meini Grund 1 ― ― ― ― 1 2 NHW
Cricetodon sp. Bullendorf ― ― 2 1 1 1 5 NHW
Total Austria Total Austria 14 15 17 16 16 12 90 Total Austria
Especie Localidad tipo M1 M2 M3 m1 m2 m3 N Institución
‘C’. fandli Gratkorn 2 1 3 1 1 3 11 BSGP
C. bolligeri Petersbuch 10 2 1 1 2 1 1 8 BSGP
H. lavocati Hostalets de Pierola 10 5 4 2 2 ― 23 ICP
H. aguirrei Escobosa de Calatañazor 79 41 35 71 43 28 297 MNCN
‘C’. klariankae Felsótárkány-Felnémet 9 11 11 13 16 9 69 PM
H. bijugatus La Grive-Saint Alban, L3 10 5 5 6 5 5 36 RGM
H. decedens La Grive-Saint Alban, L5' 10 10 10 10 10 10 60 RGM
C. albanensis La Grive-Saint Alban, M 27 26 23 25 15 6 122 RGM
C. sansaniensis Sansan 9 6 8 15 ― ― 38 MHNB
C. soriae SomosaguasN ― 1 1 1 2 3 8 UCM
C. meini Vieux-Collonges 25 33 66 36 6 6 172 RGM
C. aureus Vieux-Collonges 13 8 25 12 17 7 82 RGM
Total Total localidades tipo 196 148 192 194 118 78 926
(a)
(b)
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MÉTODOS DE CAMPO
Los fósiles de la Cuenca de Calatayud-Daroca fueron recogidos en numerosas campañas 
de campo. La prospección de los yacimientos de esta tesis doctoral, así como la recolección del 
material estudiado, se llevó a cabo durante las campañas dirigidas por el Dr. Remmert Daams 
desde la década de 1980 y que continuó el equipo de paleontólogos de micromamíferos que 
trabajan conjuntamente desde la UCM y del MNCN-CSIC hasta los años 2000. A continuación, 
se resumen los aspectos más importantes en las labores de campo en paleontología de microma-
míferos.
La gran mayoría de los yacimientos de este estudio son de origen fluviolacustre (Alcalá et 
al., 2000; Álvarez-Sierra et al., 2003; Azanza et al., 2004; López-Guerrero et al., 2011b). Debido 
a la baja densidad de fósiles que presentan este tipo de yacimientos, es necesario recoger muestras 
muy grandes de sedimento para su procesado. Se recogen pruebas y se procesa el sedimento de 
manera que si el resultado es positivo, se explota el yacimiento. El número de fósiles que se deben 
encontrar para considerar una muestra positiva varía según el interés de los mismos. El tamaño 
de la muesta final que se recoge varía igualmente en función del interés de los fósiles encontrados. 
A continuación la muestra pasa por una serie de procesos en los que el sedimento se seca (Figura 
4.1) y se rehidrata para pasarlo después por la mesa de lavado-tamizado similar a la descrita 
por Daams y Freudenthal (1988) (Figura 4.2a). Todas estas técnicas de tratamiento de fósiles 
de microvertebrados se pueden encontrar descritas en detalle en numerosos trabajos previos 
(Daams y Freudenthal, 1988; Álvarez-Sierra, 1987; López-Martínez, 1992; Peláez-Campomanes, 
FIGURA 4.1.  Proceso de secado del sedimento previo al lavado-tamizado.
MÉTODOS
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1993; García Paredes, 2006; Casanovas-Vilar, 2007). Una vez terminado el proceso de lavado, 
el concentrado mayor de 0,7 mm se deja secar en tamices (Figura 4.2b) y se guarda en sacos 
debidamente siglados para su almacenaje y posterior procesado en el laboratorio.
FIGURA 4.2. (a). Vista general y detalles de la mesa de lavado ideada por M. Freudenthal. El agua a presión es con-
ducida por las mangueras y un sistema de tolvas hace que el sedimento pase de un tamiz a otro. (b). Proceso de secado 
después del lavado-tamizado.
 (a)
 (b)
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MÉTODOS DE LABORATORIO
Habitualmente, en el laboratorio se realizan nuevos lavados de la muestra utilizando 
distintos reactivos. En el caso de las muestras de la Cuenca de Calatayud-Daroca, normalmente, 
se utiliza el ácido acético diluido al 10%. El ácido reacciona con el carbonato, de manera que se 
reduce sustancialmente el tamaño de la fracción carbonatada y, por tanto, también del concentrado 
final. Posteriomente, se seca la muestra mediante un horno y se realiza el fraccionamiento de la 
misma mediante tamices, usando una tamizadora o a mano (Figura 4.3). Así se han separado las 
distintas fracciones  (>2 mm, 2-1,5 mm, 1,5-1 mm, 1-0,7 mm) para cada muestra.
A continuación se realiza el triado. En este proceso se separan los fósiles de los granos de 
arena o restos vegetales. Para ello, se necesita la ayuda de una lupa de visera o una lupa binocular 
para los tamaños menores de 2 mm, mientras que la fracción más grande se puede separar a simple 
vista. 
FIGURA 4.3. Métodos de relavado en el laboratorio. Tratamiento con ácido acético, tamizado con cedazos a mano o 
con tamizadora (Fotografíass de A. R. Gómez Cano).
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Introducción
Cuando ya se tienen todos los restos fósiles aislados, se montan y siglan. Como sistemas de 
almacenaje en unas ocasiones, se usan cápsulas de plástico en las que se mete individualmente cada 
resto. En otras se colocan los pequeños restos de los micromamíferos sobre masas plásticas flexibles 
que se montan sobre un soporte rígido como puede ser un portaobjetos o una ficha de Lego, por 
ejemplo. La gran ventaja del uso de la masa flexible es que no se toca el fósil para su estudio, y 
además, permite ocupar menos espacio para almacenar las piezas, ya que se pueden siglar hasta 50 
ejemplares en un mismo portaobjetos. La desventaja de este tipo de montaje radica en el tipo de 
masa que se use, ya que se ha comprobado que algunas masas flexibles (por ejemplo, la parafina) 
son inadecuadas porque reaccionan con la dentina, destruyéndola por completo en algunos casos. 
En los últimos años se ha usado un tipo de masa limpiatipos Pelikan que es bastante inerte, no es 
grasa y es muy moldeable. Sin embargo, este limpiatipos ya no se fabrica y se está sustituyendo por 
goma de borrar carboncillo, fabricada en caucho sintético.
ESTUDIO DEL MATERIAL
Aspectos generales
En primer lugar, se ha descrito la morfología dental de los fósiles, especialmente los 
caracteres de la la superficie oclusal, tal y como es habitual en el estudio de los roedores fósiles (Sesé 
Benito, 1977; Agustí, 1981; Álvarez-Sierra, 1987; García-Moreno, 1987; Martínez-Salanova, 
1987; Cuenca Bescós, 1988; Lacomba, 1988; Martín-Suárez, 1988; Sevilla, 1988; Herráez, 1993; 
Peláez-Campomanes, 1993; García-Alix, 2006; Minwer-Barakat, 2006; García Paredes, 2006; 
FIGURA 4.4. Lupas binoculares utilizadas para el triado y estudio de los fósiles. (a). Olimpus wild 308700 (50x) del 
Museo Nacional de Ciencias Naturales. (b). Leica 50x del Naturalis Biodiversity Center, (Leiden).
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Casanovas-Vilar, 2007; Oliver y Peláez-Campomanes, 2013). Las observaciones se han hecho a 
través de varias lupas binoculares (wild 308700 (50x) y Leica 50x) (Figura 4.4).
También se ha estudiado la talla de todas las piezas dentales, midiendo su longitud y anchura 
máxima. Con las medidas, se han realizado análisis estadísticos siempre que el número mínimo de 
molares lo haya hecho posible. Se ha usado el programa SPSS (Statistical Package for the social 
Sciences) en la versión 11.5.1 (SPSS, 2002).
Las fotografías de los molares se han llevado a cabo en el Laboratorio de microscopía electrónica 
del MNCN-CSIC. Se utilizado un microscopio electrónico de barrido ambiental FEI Quanta 
200 (Figura 4.5). Se han construido varias láminas de cada una de las especies estudiadas que 
incluyen ejemplares de uno o varios yacimientos, según el caso. 
Nomenclatura
Los dientes de los cricétidos presentan una corona dental baja (dentición braquidonta), 
con un patrón de cúspides separadas por valles (dentición de tipo bunodonta). Se ha seguido la 
nomenclatura propuesta por Mein y Freudenthal (1971b) y modificada por López-Guerrero et 
al. (2013a) (Figura 4.6). En los cricétidos, el patrón dental está compuesto por cinco cúspides 
principales en los primeros molares, tanto superiores como inferiores, que pasan a ser cuatro en los 
segundos y terceros molares. Puede aparecer un número variable de crestas o lofos conectando las 
cúspides. Así mismo, pueden aparecer pequeñas cúspides accesorias en los bordes del diente, cuyo 
desarrollo es mucho menor que el de las cúspides principales.
FIGURA 4.5. Equipo de microscopía electrónica utilizado para hacer las fotos usadas en las láminas de los capítulos del 
apartado III Paleontología sistemática (Fotografía de J. García Guinea).
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FIGURA 4.6. Terminología de las partes de los dientes yugales de Cricetodontini propuesta por Mein y Freudenthal 
(1971b) y modificada por López-Guerrero et al. (2013a). Sólo el M1, M3 y m1 se han dibujado, pero esta nomenclatura 
se puede aplicar al resto de los molares inferiores y superiores.
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Caracteres morfológicos
A continuación, se presenta una descripción detallada de algunos de los caracteres utilizados 
en los estudios morfológicos presentados en el apartado  (Paleontología sistemática). El resto de 
caracteres y sus estados de carácter se ilustran a lo largo de los siguientes capítulos tanto en las 
tablas de morfología de los apéndices del capítulo 8, como en las figuras y tablas del capítulo 10.
Se han estudiado un total de 82 caracteres morfológicos, que presentan entre todos 282 
estados de carácter. Éstos se reparten de la siguiente manera: 
M1: 54 estados de carácter agrupados en 16 caracteres.
M2: 55 estados de carácter, repartidos entre 16 caracteres.
M3: 40 estados de carácter de 12 caracteres.
m1: 56 estados de carácter, recogidos de 16 caracteres.
m2: 41 estados de carácter, agrupados en 11 caracteres.
m3: 36 estados de carácter, repartidos entre 11 caracteres.
Para los 4.500 molares estudiados, esto supone un total de más de 150.000 observaciones 
realizadas durante el presente trabajo. 
La mayoría de los caracteres estudiados son comunes a todos los cricétidos, aunque algunos 
de ellos son característicos de los representantes de la tribu Cricetodontini, como los ectolofos 
anteriores, los grandes estilos en el protoseno de los molares superiores o el metalofúlido posterior 
en el primer molar inferior. 
Molares superiores—Los molares superiores tienen gran valor informativo y acaparan un 
tercio de los caracteres usados en la diagnosis de los géneros estudiados. Llama la atención las 
diferencias que hay en el contorno de diferentes especies, que puede ser recto o sinuoso (=trilobulado) 
(Figura 4.7); esta diferencia está relacionada con dos aspectos: la presencia o ausencia de cíngulos 
en el borde labial de los dientes y la de ectolofos completos, tanto el anterior como el posterior. 
De esta manera, el contorno sinuoso o trilobulado estaría presente en especímenes que no poseen 
cíngulos en los valles labiales y cuyos ectolofos están completos, creando una cresta continua.
FIGURA 4.7. Tipos de contorno en el M1
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M1
Anterocono/Anterocone: esta cúspide se encuentra en el borde anterior del diente y está 
situada en su eje longitudinal. Está dividido en dos lóbulos por un surco. En algunas especies, este 
surco no llega hasta la base de la corona, por lo que en especímenes muy desgastados puede parecer 
que no está dividido, sino que es alargado. Sin embargo, el anterocono nunca es una cúspide simple 
del tipo que presentan otros cricétidos como Democricetodon (Figura 4.8).
Anterolofo ligual o labial/Lingual or labial anteroloph: en algunas ocasiones, el anterocono 
presenta una cresta de esmalte que, partiendo desde el ápice de la cúspide, recorre el protoseno o el 
anteroseno. A estas crestas se les da el nombre de anterolofo lingual y labial, respectivamente. Es 
muy importante diferenciar éstas de los cíngulos que aparecen en los bordes del protoseno y del 
anteroseno. El cíngulo es un recrecimiento del esmalte en el borde del diente que une dos cúspides, 
pero que no está preferentemente asociado a ninguna de ellas. Por su parte, un anterolofo está 
claramente asociado al anterocono, parte de éste y recorre el valle. El anterolofo lingual puede estar 
ausente (Figura 4.9a), ser “corto” (Figura 4.9b) o “largo” (Figura 4.9c), mientras que el anterolofo 
labial suele ser siempre corto.
Espina lingual o labial del anterolófulo/Lingual or labial spur of the anterolophule: el antero-
FIGURA 4.8. Tipos de división del anterocono
FIGURA 4.9. Desarrollo del anterolofo lingual
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lófulo es la cresta de esmalte que une el protocono con el anterocono. Esta cresta puede desarrollar 
dos espinas que se nombran según su dirección lingual o labial. La espina lingual del anterolófulo 
suele ser muy larga y llegar hasta el borde anterolingual del protoseno, mientras que la labial puede 
presentar longitudes variadas. Si es corta (no recorre más de la mitad de la longitud del anteroseno) 
no recibe ningún nombre en especial. Esta cresta labial nunca toca el borde labial del diente. Esto 
ocurre por dos razones: porque nunca llega a ser tan larga y porque cuando se desarrolla más, se 
curva posteriormente y se une al protolófulo (Figura 4.10). Cuando ocurre esto último, puede 
hablarse de un “protolófulo anterior”. Ambas estructuras, “protolófulo anterior” y “espina labial del 
anterolófulo conectada con el protolófulo”, son muy difíciles de distinguir. En los capítulos 5-8 
se dice que un molar tiene “espina labial de anterolófulo” cuando es corta y no está conectada al 
protolófulo mientras que cuando está conectada, se define como “protolófulo anterior”.
Espina del protocono/Protocone spur: el protocono puede 
presentar una espina en su cara posterior. Esto hace, que su forma 
no sea simétrica. La presencia de esta espina determina que el 
recorrido del seno adquiera una forma curvada anteriormente, 
mientras que en su ausencia es recto (Figura 4.11).
Protoseno/Protosinus: este valle, situado entre el 
anterocono y el protocono, puede presentar varias estructuras 
en el borde. Se han descrito éstas como “estructuras que cierran 
el protoseno” y pueden ser: un cíngulo, en el sentido de lo 
anteriormente descrito; un anterolofo lingual que puede o no cerrar el valle, o un estilo, que es una 
pequeña cúspide de esmalte que se sitúa en el borde anterolingual. En algunas especies, como se 
explica en el capítulo 5, este estilo es muy diagnóstico debido a su frecuente presencia y su gran 
tamaño.
Ectolofo anterior/anterior ectoloph: se da el nombre de ectolofo anterior a la estructura 
longitudinal situada entre el anterocono y el paracono. Esta estructura puede estar formada por 
una cresta que parte del anterocono, por una cresta que sale del paracono o por ambas. Se les ha 
FIGURA 4.11. Espina del protocono
FIGURA 4.10. Espina labial y lingual del anterolófulo
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nombrado tomando como referencia: (1) la cúspide a la que esté asociada y (2) la situación anterior 
o posterior de la cara desde la que parten. De esta manera, a la cresta asociada al anterocono 
que sale desde la cara posterior de éste se ha llamado “ectolofo posterior del anterocono” (Figura 
4.12b). Igualmente, a la cresta que saliendo desde la cara anterior del paracono, se desarrolla en el 
espacio entre el anterocono y el paracono, se le ha denominado “ectolofo anterior del paracono” 
(Figura 4.12c). Estas crestas pueden estar presentes a la vez, formando un “ectolofo doble” (Figura 
4.12c) o aparecer solamente una de ellas, formando un “ectolofo simple” (Figura 4.12b). Otro 
aspecto variable del ectolofo es que, en ocasiones, los ectolofos se encuentran tan desarrollados 
que se conectan con la cúspide hacia la que están dirigidos si son simples o entre ellos cuando 
son dobles; en estos casos se habla de “ectolofo completo o conectado”. Por ejemplo, la figura 
4.12b sería un ectolofo anterior simple, compuesto por el ectolofo posterior del anterocono y no 
completo, mientras que la figura 4.12c sería un ectolofo anterior doble completo, compuesto por 
el ectolofo posterior del anterocono y el ectolofo anterior del paracono.
Ectolofo posterior/posterior ectoloph: esta estructura presenta las mismas características que 
el ectolofo anterior, aunque está relacionada con el paracono y el metacono. De esta manera, 
se podrá describir un “ectolofo posterior del paracono” (Figura 4.13b) y un “ectolofo anterior 
del metacono” (Figura 4.13c). Estas crestas podrán aparecer a la vez, llamándose “doble” (Figura 
4.13c), o independientemente la una de la otra, recibiendo el nombre de “simple” (Figura 4.13b). 
De igual modo que en el ectolofo anterior, el ectolofo posterior puede formar una cresta continua 
que une labialmente el paracono y el metacono (Figura 4.13c) llamándose “ectolofo completo o 
conectado”, independientemente de que sea “simple” (Figura 4.13b) o “doble” (Figura 4.13c).
FIGURA 4.13. Tipos de ectolofo posterior
FIGURA 4.12. Tipos de ectolofo anterior
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Mesolofo/mesoloph: en el presente trabajo se considera el mesolofo según lo figuran Mein 
y Freudenthal (1971b), pero es necesario aclarar los distintos estados de carácter que se pueden 
mencionar a lo largo del texto. La forma menos desarrollada de mesolofo se ha descrito como un 
“engrosamiento incipiente/enlargement of the enamel” (Figura 4.14); aquí se han incluído todos 
aquellos mesolofos que se muestran como un abombamiento de la cresta longitudinal. En segundo 
lugar, el estado “corto/short” se refiere a todos los mesolofos que se reconocen como una cresta 
corta (Figura 4.14). En el siguiente estado, “medio/medium length”, el mesolofo recorre más de la 
mitad de la longitud del mesoseno. Por último el mesolofo “largo/long” es únicamente aquel que 
llega hasta el borde labial del mesoseno.
Entomesolofo/entomesoloph: se puede considerar como la estructura opuesta al mesolofo, 
es decir, tiene un desarrollo similar, aunque recorre el seno, en lugar del mesoseno. Cuando está 
presente, es “corto” cuando no toca el borde lingual y “largo” cuando lo hace.
M2
El segundo molar presenta prácticamente las mismas 
características que el primer molar. Únicamente cabe destacar el 
poco desarrollo o ausencia del anterocono en el M2 y el desarrollo 
de un gran anterolofo labial desde el cual parte la estructura 
equivalente al “ectolofo posterior del anterocono” del M1. Otro 
rasgo característico del M2 es el desarrollo de un anteroseno en 
la pared anterolingual del protocono (Figura 4.15) que tienen 
algunas especies.
M3
El tercer molar superior presenta una morfología peculiar 
debido a la reducción de la zona posterior del diente.
FIGURA 4.14. Tipos de mesolofo. Sólo se figuran los dos estados de caracter 
más difíciles de distinguir: “corto” y “engrosamiento incipiente”.
FIGURA 4.15. Anteroseno lingual
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Neo-entolofo/neo-entoloph: esta cresta, descrita por 
Freudenthal y Daams (1988), se sitúa entre el hipocono y el 
protocono y las une transversalmente (Figura 4.16). En las especies 
más antiguas de Cricetodontini, se han descrito varios estados de 
carácter en función de la presencia de dos espinas asociadas a cada 
una de las cúspides o de una estructura continua.
Molares inferiores—Los molares inferiores son muy 
homogéneos. Los caracteres morfológicos que comparten son los 
siguientes.
Anterolófido labial/labial anterolophid: es una cresta que parte desde la parte anterior del 
diente. En el caso concreto del m1 parte desde el anterocónido. En la gran mayoría de las especies, 
el anterolófido está presente y bien desarrollado, uniéndose al protocónido, mientras que en las 
especies más modernas esta cresta se reduce, deja de estar conectada con el protocónido o incluso 
desaparece (Figura 4.17a).
Anterolófido lingual/lingual anterolophid: esta cresta aparece en muy pocos ejemplares y 
solamente en algunas especies. Nunca alcanza el desarrollo del anterolófido labial; cuando se 
FIGURA 4.17. (a). Desarrollo del anterolófido labial en los molares inferiores; (b). Ectomesolófido en los molares infe-
riores; (c). Espinas del entocónido y metacónido; (d). Tipos de metalofúlido en el m1 inferior.
(a)
(b) (c)
(d)
FIGURA 4.16. Neo-entolofo en 
el M3
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describe como “presente” se trata siempre de una cresta muy corta y delgada, aunque visible y 
distinguible. 
Mesolófido/Mesolophid: es la misma estructura que figuran Mein y Freudenthal (1971b). 
Respecto a los estados de carácter, se aplican los mismos criterios que para los molares superiores.
Ectomesolófido/ectomesolophid: presenta los mismos estados de carácter que en los molares 
superiores (Figura 4.17b). Esta característica es muy importante en algunas especies, como se 
explica en el capítulo 7.
Espinas del entocónido y del metacónido/spurs of the entoconid and metaconid: Como se 
muestra en la figura 4.17c, son un “pinzamiento” en el esmalte de la pared posterior de las cúspides 
linguales. Este “pinzamiento” se aprecia incluso en dientes con un grado moderado de desgaste.
Posterosénido/posterosenid: este valle situado entre el posterolófido y el entocónido se 
encuentra en todas las especies de Cricetodontini. Presenta tres estados de carácter diferentes: 
puede estar abierto; puede estar cerrado por un cíngulo, es decir, una cresta situada en el borde 
lingual que conecta el posterolófido con el entocónido; o puede estar cerrado porque el postero-
lófido sea tan largo que alcance al entocónido. Este carácter es importante en las especies de 
Hispanomys, como se detalla en los apéndices del capítulo 8.
m1
El primer molar presenta caracteres particulares. A continuación, se describe cada uno de 
ellos.
Anterocónido/anteroconid: esta cúspide presenta dos características principales: su situación 
respecto al eje longitudinal y su forma. En algunas especies de Cricetodontini, el anterocónido 
está situado en el plano del eje longitudinal, mientras que en otras, está desplazado hacia el borde 
labial. Por otro lado, suele tener forma redondeada en la mayoría de las especies de Cricetodotini, 
mientras que en unos pocos taxones el anterocónido es alargado.
Metalofúlido/metalophulid: es la cresta de esmalte que, según su orientación, une el 
metacónido con el anterolofúlido o con el brazo posterior del protocónido. Por lo tanto, hay 
dos estructuras diferentes que están asociadas al metacónido. Mein y Freudenthal (1971b) las 
diferencian como “anterior” y “posterior”, asignando el estado de carácter “doble” cuando ambas 
están presentes en el mismo espécimen. Sin embargo, en este trabajo se sigue la nomenclatura de 
Rummel y Kälin (2003) que diferencian las estructuras independientemente como “metalofúlido 
I” (Figura 4.17d), aquel que une el metacónido con el anterolofúlido, y “metalofúlido II”, aquel que 
une el metacónido con el brazo posterior del protocónido (Figura 4.17d). En adelante, se hablará 
de “metalofúlido I+II/metalophulid I+II” cuando lo que se quiere destacar es que ambos metalo-
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fúlidos están presentes en el mismo diente (Figura 4.17d).
m2
Número de raíces/number of roots: el segundo molar puede presentar dos raíces (Fig. 4.18a) 
o tres. En el lado anterior siempre tiene una raíz, mientras que en el lado posterior, la raíz puede 
dividirse. Cuando la raíz posterior está dividida se describe que el m2 tiene tres raíces. Si la 
separación en dos de la raíz posterior no llega hasta la mitad de la longitud de la raíz, se dice que 
presenta “raíz posterior parcialmente dividida” (Fig. 4.18b). Se dice que la “raíz posterior está 
totalmente dividida” cuando la separación sobrepasa la mitad de la longitud de la raíz o incluso 
llega hasta el borde de la corona dental (Fig. 4.18c).
Caracteres métricos
La talla de los molares de los cricétidos, como la de todos los roedores, se se caracteriza 
con las variables anchura y longitud. El criterio seguido en la toma de medidas (según Daams 
y Freudenthal, 1988) representa la longitud y la anchura máximas de la corona dental tomadas 
de forma perpendicular una a la otra (Figura 4.19a). Para orientar cada ejemplar se ha utilizado 
como referencia la faceta de contacto entre los distintos dientes en la hilera dental. No se han 
medido los ejemplares rotos, muy desgastados o digeridos. Las variables métricas de cada diente 
se ha tomado utilizando una lupa monocular Nikon Measurescope 10 (Figura 4.19b) provista de 
micrómetro digital en el material conservado en los fondos del MNCN-CSIC y de la UCM. En 
el caso del material conservado en NBC-Leiden o en IAU-Utrecht, las medidas se han tomado 
sobre fotografías realizadas con una cámara acoplada a una lupa Leica y su software asociado. 
En primer lugar, tras la toma de datos, se ha realizado el cálculo de estadísticos descriptivos; 
los valores máximo, mínimo y media aritmétrica de las dos variables estudiadas. Cuando la muestra 
FIGURA 4.18. Tipos de divisiones de la raíz posterior del m2. (a) Sin dividir. (b). Parcialmente dividida. (c). Totalmente 
dividida.
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supera los cinco ejemplares, se ha calculado la desviación estándar para informar del grado de 
dispersión que la muestra presenta. Todos estos datos se presentan a modo de tablas en cada uno 
de los capítulos del apartado (Paleontología Sistemática), agrupados por localidades y por especies. 
También se han calculado índices para conocer las proporciones de determinados elementos, o 
de la hilera dental. El índice, Longitud/Anchura del M3 ha sído muy útil en la caracterización 
de algunas especies, como se explica en el capítulo 5. Los índices Longitud m1/Longitud m3 y 
Longitud M1/Longitud M3 han sido tradicionalmente utilizados para distinguir unas especies de 
otras (Freudenthal, 1966; Rummel, 1995; Kälin y Kempf, 2009; López-Antoñanzas et al., 2010). 
Como se detalla en el apartado  (Paleontología sistemática) han sido muy útiles en esta tesis 
doctoral, sobre todo en el capítulo 8. 
Se han realizado análisis estadísticos con las variables métricas de las asociaciones estudiadas 
con dos propósitos. Por un lado, para determinar si existen diferencias significativas entre las 
diferentes especies y por otro, para determinar si dentro de una misma especie existen variaciones 
de talla entre los fósiles de distintas localidades. En los apartados metodológicos de cada uno de 
los capítulos del apartado (Paleontología Sistemática) se detalla qué prueba estadística se ha hecho 
y con qué material, por lo que a continuación se resumen, de manera muy general, los análisis que 
se pueden encontrar a lo largo del texto.
Para comparar dos grupos de datos entre sí, se ha elegido el test t de Student, que evalúa 
si dos muestras univariantes se han recogido de poblaciones con medias iguales. Para hacer esta 
prueba se deben cumplir tres supuestosos: los datos deben ser continuos, ajustarse a distribuciones 
normales y tener varianzas homogéneas. Para saber si estos dos últimos supuestos se cumplen, 
se han realizado el test de Shapiro-Wilk y el test de Levenne. Otro tipo de prueba que se ha 
utilizado ha sido el análisis de la varianza o ANOVA. Se utiliza para saber si varias muestras 
univariantes provienen de poblaciones con medias iguales o no. Los supuestos son los mismos que 
para la prueba t de Student, por lo que los test previos (Shapiro-Wilk y Levenne) también se han 
realizado. En todos los tipos de pruebas, se han establecido dos umbrales para el nivel de signifi-
FIGURA 4.19. (a). Ilustración del método de toma de medidas de los molares de Cricetodontini. (b). Lupa monocular 
del MNCN-CSIC provista de micrómetro digital utilizado para tomar medidas.
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cación, por debajo de los cuales se rechaza la hipótesis nula (que varía según el tipo de prueba). Si 
p<0,05 se considera que hay diferencias significativas mientras que cuando p<0,01, las diferencias 
son muy significativas.
MÉTODO DE ESTUDIO FILOGENÉTICO
Para conocer las relaciones filogenéticas de las especies de Calatayud-Daroca, se ha de tener 
en cuenta que éstas no forman parte de un grupo aislado y que es posible que su pariente más 
cercano fuera un taxón foráneo de la cuenca. Por eso, se han estudiado 44 especies más de la 
tribu Cricetodontini, haciendo un total de 52 especies. Además del material tipo de la especies 
encontradas en la Cuenca de Calatayud-Daroca, se ha observado personalmente el material de 
12 poblaciones tipo (Tabla 4.2), se ha estudiado la información de publicaciones recientes que 
cuentan con descripciones detalladas y fotografías. En otros casos, la información se ha obtenido 
de publicaciones antiguas o con descripciones menos exhaustivas, por lo que la calidad de las 
observaciones en estas especies es menor, lo que se ha indicado convenientemente. 
Los aspectos metodológicos más concretos se detallan en el capítulo 10, a continuación se 
describen los procedimientos generales para realizar el análisis.
En primer lugar se han elegido qué especies formarán parte de nuestro estudio. Se han 
seleccionado los caracteres que evidenciarán sus relaciones filogenéticas. Se han establecido las 
mismas y se han expresado en un cladograma. Se ha utilizado éste para corroborar o refutar hipótesis 
expuestas en los capítulos del apartado III (Paleontología Sistemática) o por otros autores.
El método utilizado para construir los cladogramas es el de máxima parsimonia. Este 
procedimiento está guiado por el principio metodológico de la parsimonia o simplicidad (Crisci, 
1982; Farris, 1982; Kluge, 2001; Goloboff, 2003), el cual asume que entre hipótesis alternativas hay 
que elegir la que requiera un menor número de homoplasias (Morrone, 2000). El procedimiento 
usa el algoritmo de Wagner para construir un cladograma con un número grande de taxones y 
caracteres (Farris, 1970). Aunque en la práctica para más de 15-20 taxones es imposible encontrar 
el cladograma más parsimonioso usando este método, es un buen punto de partida para el método 
que se ha utilizado, la “búsqueda por permutación de ramas” (Goloboff, 1998). Después de obtener 
los cladogramas más parsimoniosos, se ha calculado el cladograma de consenso estricto, aquel 
que resulta de combinar únicamente aquellos componentes que aparezcan repetidos en todos los 
cladogramas originales (Nelson, 1979; Sokal y Rohlf, 1981). 
La prueba estadística que se ha utilizados para determinar la confianza en los resultados 
del análisis cladístico ha sido el llamado soporte de ramas. Este método, propuesto por Bremer 
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(1994), examina cuántos pasos extra se requieren para que se pierda una rama en el cladograma 
de consenso. El soporte de las ramas se calcula forzando búsquedas heurísticas en las que los 
árboles guardados tengan cada vez un número de pasos mayor que el de los árboles más parsimo-
niosos previamente encontrados. Así, los clados que habiendo aparecido en la búsqueda inicial 
desaparecen al aumentar en un paso la longitud final del árbol, se consideran clados poco apoyados 
y se determinarían por un valor de 1 (Morrone, 2000).
En los siguientes capítulos de los apartados III (Paleontología sistemática), IV (Bioestra-
tigrafía y V (Filogenia) se detallan los resultados y conclusiones al aplicar todos estos métodos en 
el material estudiado.
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revIsIon of CriCetodon soriae (rodentIa, 
MaMMalIa), new data froM the MIddle 
araGonIan (MIddle MIocene) of the 
calatayud-daroca basIn (ZaraGoZa, spaIn)
5
“Dolores Soria,  sin duda, ha puesto una firme base para que 
algunos de nosotros podamos continuar investigando en uno de los 
temas más atractivos de la paleontología de mamíferos”
Jorge Morales
Resumen
En el presente capítulo, se describe el registro más antiguo de 
Cricetodon (Cricetidae, Rodentia, Mammalia) del área tipo del Aragoniense 
(Cuenca de Calatayud-Daroca, Zaragoza, España). Los fósiles presentes 
en las secciones de Las Umbrías (LUM) y Las Planas (LP) se atribuyen a 
Cricetodon soriae, especie descrita en la localidad de Somosaguas (SOM) 
de la Cuenca de Madrid (biozona E, MN5). El material estudiado (52 
dientes yugales) pertenece a ocho localidades que abarcan un intervalo 
de tiempo de 14,06 a 13,80 Ma, cubriendo toda la biozona E. El análisis 
morfométrico del material de Calatayud-Daroca permite presentar las 
descripciones más específicas y detalladas de C. soriae hasta la fecha. Se 
presentan nuevas descripciones completas del material tipo de SOMN, así 
como una diagnosis de C. soriae. Se han hecho comparaciones con todas las 
especies de Cricetodon descritas hasta la fecha. Se discuten las diferencias 
entre Cricetodon aureus y Cricetodon meini, los resultados arrojados por el 
estudio de más de 100 terceros molares superiores de Vieux-Collonges 
hacen posible, por primera vez, distinguir los M3 de C. aureus y C. meini 
y comparar ambos con C. soriae. La presencia de características comunes 
indica una relación más estrecha de C. soriae con las especies de Cricetodon 
de Asia Menor que con los primeros representantes de Cricetodon en 
Europa central y oriental. La distribución de C. soriae en la Península 
Ibérica es coincidente con un evento de enfriamiento global y aumento de 
aridez en el suroeste de Europa, y con el evento de dispersión faunística 
llamado Conohyus/Pliopitechus que tuvo lugar durante la biozona local E.  
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Abstract
The oldest record of Cricetodon (Cricetidae, Rodentia, Mammalia) 
from the Aragonian type area (Calatayud-Daroca basin, Zaragoza, Spain) 
is described. The remains from Las Umbrías (LUM) and Las Planas 
(LP) sections are attributed to Cricetodon soriae, described in the locality 
Somosaguas N (SOMN) from the Madrid Basin (biozone E, MN5). 
The studied material (including 52 jugal teeth) belongs to eight localities 
spanning a time interval from 14.06 to 13.80 Ma, covering the entire 
biozone E. A morphometric analysis of the Calatayud-Daroca material 
provides the most specific and detailed descriptions of C. soriae until 
now. New complete descriptions of the type material from SOMN and 
an emended diagnosis of C. soriae are presented. Comparisons with all 
the species of Cricetodon described to date have been made. Differences 
between Cricetodon aureus and Cricetodon meini are discussed; the results 
yielded by the study of more than 100 upper third molars from Vieux-
Collonges make it possible, for the first time, to distinguish between 
C. aureus and C. meini upper M3 elements and to compare them both 
with C. soriae. The presence of common characteristics indicates a closer 
relationship of C. soriae with Cricetodon from Asia Minor than with the 
first representatives of Cricetodon in central and eastern Europe. The distri-
bution of C. soriae in the Iberian Peninsula is coincident with the global 
cooling event and the increasing in aridity in south-western Europe, and 
the faunal dispersion event called Conohyus/Pliopitechus that took place 
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The Calatayud-Daroca Basin, situated in the north-eastern part of the Iberian Peninsula (Fig. 5.1), is filled by a thick succession of continental deposits ranging from the Palaeogene to the early Pliocene (Daams et al., 1999a). The stratigra-
phical superposition of the fossiliferous levels, their abundance and richness of micromammal 
fossil remains, make this basin interesting for the study of rodent evolution, biostratigraphy and 
biochronology (Daams et al., 1998, 1999a). One of its stratigraphical sections is the stratotype of 
the Aragonian continental stage that comprises the uppermost part of the lower Miocene and the 
entire middle Miocene (Daams et al., 1977; Daams et al., 1981). New discoveries in the Calatayud-
Daroca Basin have allowed the detailed description of the Aragonian stage (Daams et al., 1999b; 
Van der Meulen et al., 2012). The Aragonian type area has provided fossil remains which offer 
detailed information of rodent faunas (Álvarez-Sierra, 1987; Cuenca Bescós, 1988; De Bruijn and 
Saraç, 1992; García-Paredes, 2006; García-Paredes et al., 2009, 2010; Oliver et al., 2009; Peláez-
Campomanes, 2001; Van der Meulen et al., 2003, 2012). It is situated near Villafeliche, between 
Calatayud and Daroca villages (province of Zaragoza). It is composed of four sections: Vargas, 
Valdemoros, Las Umbrías and Las Planas (Daams et al., 1999a). This study focuses on the older 
localities situated in Las Umbrías and Las Planas sections. The age estimation of the localities 
ranges from 14.06 to 13.8 Ma (Van Dam et al., 2006), corresponding to the local biozone E 
(Daams et al., 1999b; Garcés et al., 2003; Van der Meulen et al., 2012). This local biozone can be 
correlated to the upper part of the Neogene Mammal zone MN5 (Daams et al., 1999a, 1999b; 
Van der Meulen et al., 2012).
 The species revised here belongs to the genus Cricetodon Lartet, 1851, a large-sized rodent 
of the family Cricetidae. Cricetodon includes 22 fossil species; four of them are present in the 
Calatayud-Daroca Basin (Freudenthal, 1966; De Bruijn et al., 1993; López-Guerrero et al., 2009). 
The first occurrence of this genus is C. versteegi from the locality of Inkonak (MN1, “Agenian”, 
early Miocene) in Anatolia (De Bruijn et al., 1993). The youngest record is not clear. In the 
Nord Alpine Foreland Basin (NAFB) the presence in the MN9 (Vallesian, late Miocene) of 
Cricetodon sp. from Nebelberg TGL III (Prieto et al., 2010) is subject to doubtful taxonomical 
assignment, since it is considered as Hispanomys sp. by Kälin and Kempf (2009). The allocation 
to the MN9 in the case of Cricetodon sp. from Petersbuch 14 (NAFB) and C. albanensis from 
La Parrilla and Buenaventura 3 (Duero Basin, Spain) remains uncertain (Rummel and Kälin, 
2003; García Moreno, 1988). Excluding these occurrences, the youngest record of Cricetodon is C. 
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klariankae from Felsőtárkány-Felnémet 2/3 and 2/7 (MN7/8, Aragonian, middle Miocene) in the 
Felsőtárkány Basin, Hungary (Hír, 2007).
The taxonomical status of some species attributed to Cricetodon has been problematic. This 
is because Cricetodon is one of the first described fossil small-mammal genera and the diagnosis 
proposed by Lartet, (1851) presents very inclusive criteria. Therefore, a large number of European 
species have been accommodated within this genus. Some of them are now included in genera 
belonging to different Cricetidae tribes like Megacricetodon minor (Lartet, 1851) or Democricetodon 
larteti (Schaub, 1925).
 Cricetodon is a very important genus in the biostratigraphy of the continental deposits 
from the middle and upper Aragonian (De Bruijn and Saraç, 1992; Daams et al., 1998, 1999a). 
The presence of Cricetodon is one of the criteria used for the definition of the local biozone E in 
Calatayud-Daroca and Madrid basins (Van der Meulen et al., 2011, 2012). The systematics and 
evolution of these cricetids is not clear, despite the significant research carried out in the past, and 
the taxonomical status of Cricetodon has changed trough time (e.g., Freudenthal, 1966; Mein and 
Freudenthal, 1971a, 1971b). The first studies of the genus in the Calatayud-Daroca Basin were 
made by Freudenthal (1963, 1966). He described several species and proposed the first phylogeny 
of Cricetodon. This first approach was later improved by the work of Mein and Freudenthal (1971a, 
b) in which most of species of this genus were described in detail. Mein and Freudenthal (1971a) 
emended the original diagnosis of Cricetodon made by Lartet in 1851. Additionally, they proposed 
four new subgenera within it: Hispanomys, Ruscinomys, Pseudoruscinomys and Cricetodon. Because 
this emended diagnosis refers simultaneously to the four subgenera, when Van de Weerd (1976) 
erected Hispanomys and Ruscinomys as genera and synonymized Pseudoruscinomys, the proposed 
diagnosis for the subgenus by Mein and Freudenthal (1971a) should be considered as generic. 
Since then, the most recent emended diagnosis of Cricetodon has been proposed by De Bruijn et 
al. (1993), being widely accepted and the most used to date. As a result of the aforementioned 
taxonomical status changes and the fact that the limits between these genera are not clear enough, 
some species originally included within the genus Cricetodon have been placed in other Crice-
todontini genera; that is the case, for example, of Hispanomys aguirrei (Sesé, 1977), H. lavocati 
(Freudenthal, 1966) or H. lusitanicus (Schaub, 1925).
 Regarding the species from the biozone E in Calatayud-Daroca Basin, De Bruijn et al. 
(1993) pointed out that the material present in Las Umbrías 11 (previously named as Las Planas 
5A2) and the remains of Las Planas 4A and 4B, suggest a new species of Cricetodon. Despite these 
preliminary conclusions and the new material discovered since then, the remains of Cricetodon from 
the biozone E of Las Umbrías and Las Planas sections have neither been completely described 
nor assigned to particular species until the present paper.
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 Different authors have focused on the study of the faunas of Cricetodontini from other 
regions, e.g. Anatolia in Turkey, and their relationship with the oldest cricetid records in Europe 
(Sen and Ünay, 1979; Klein Hofmeijer and De Bruijn, 1988; De Bruijn et al., 1993; De Bruijn and 
Ünay, 1996; Rummel, 1998). The efforts of the micromammal researchers of the Calatayud-Daroca 
Basin have been focused on the Cricetodon representatives from younger localities (Álvarez-Sierra 
et al., 2003; López-Guerrero et al., 2009); however, it is important to understand the first record 
of Cricetodontini from Calatayud-Daroca in order to complete the revision of the whole middle 
Miocene rodent faunas from this basin that is currently in progress (López-Guerrero et al., 2007; 
López-Guerrero et al., 2008).
 Therefore, the main aims of this study are: to characterize the first representatives of 
Cricetodon in the Aragonian type area through morphological and metrical analysis of the jugal 
teeth, to specify their stratigraphical distribution during the middle Aragonian and to compare 
them morphometrically with other representatives of the genus present in Europe and Asia Minor.
FIGURE 5.1. Geological map of the Calatayud-Daroca Basin. The square marks the situation of Aragonian type area 
(Modified after García-Paredes et al., 2010). 
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during the local biozone E.
This study includes morphological and metrical analysis of 52 cheek teeth of Cricetodon from the Calatayud-Daroca Basin. Table 5.1 shows the different localities studied, the number of molars examined and the abbreviations used 
throughout this paper. The anatomical abbreviations for upper molars are M1, M2, M3 and, for 
lower molars, m1, m2, m3. The studied material belongs to eight localities spanning a time interval 
from 14.06 to 13.80 Ma. (Van Dam et al., 2006).  In addition, we revised material of C. soriae 
from the type locality Somosaguas N (Madrid Basin) stored at the Universidad Complutense 
de Madrid (Spain); the type material of C. bolligeri from Petersbuch 10 stored at Bayerische 
Staatssammlung für Paläontologie und Geologie, Munich (Germany); C. sansaniensis from the 
type locality of Sansan stored at the Muséum d’Histoire Naturelle de Bâle (Switzerland); the 
type material of C. aureus and C. meini from Vieux-Collonges, and C. albanensis from La Grive–
Saint Alban stored at the Nederlands Centrum voor Biodiversiteit-Naturalis (NCB-Naturalis), 
Leiden (The Netherlands); and finally, C. jotae from its type locality, Manchones, stored at the 
Instituut voor Aardwetenschappen, Utrecht University (The Netherlands). The remaining species 
of Cricetodon have been studied using data available in the published descriptions of their type 
TABLE 5.1. Chronological information of the studied localities: Aragonian (Middle) Continental Stage; Mammal Ne-
ogene Zone (MN5) proposed by Mein (1975) for Europe and revised by de Bruijn et al. (1992); local biostratigraphical 
zone (E) after Daams et al. (1999a); numerical ages of the localities after Van Dam et al. (2006); localities, abbreviations 
for the localities and institutions where the fossils are stored (see institutional abbreviations). Abbreviations: Abb, ab-
breviations for the localities; N, number of elements of Cricetodon soriae studied in each locality of Calatayud-Daroca 
and Madrid. 
Age (Ma) Locality Abb. Collections M1 M2 M3 m1 m2 m3 N
13.80 Las Umbrías 20 LUM20 MNCN 2 1 2 1 — 1 7
13.88 Las Planas 4C LP4C RGM — — 2 — — — 2
13.95 Las Umbrías 19 LUM19 MNCN 2 1 2 — — 1 6
13.96 Las Planas 4B LP4B IIAUU — — — — 1 1 2
— Las Planas 4BA LP4BA MNCN 1 1 2 2 1 — 7
13.98 Las Planas 4A LP4A IIAUU — — — — 1 — 1
14.04 Las Umbrías 16 LUM16 MNCN — — — 1 2 2 5
14.06 Las Umbrías 11 LUM11 MNCN 2 2 1 2 4 3 14
14.10-13.80 Somosaguas N SOMN/5 UCM — 1 1 1 2 3 8
Cricetodon soriae
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localities. All the species of Cricetodon published to date are summarized in Table 5.2, including 
their type localities and ages. 
Length and width measurements for each specimen, given in mm, have been taken using a 
Nikon Measuroscope 10 microscope with digital micrometer. The procedure used to measure the 
maximum length and width is shown in Figure 5.2.
All the measurements, the number of measured specimens, minimum, maximum and mean 
values are given in Table 5.3. In order to compare the studied material with the large-sized species 
of Cricetodon, Table 5.4 includes measurements taken from the literature. In the case of the C. aureus 
M3, we applied our morphological criteria to separate C.aureus from C. meini and, afterwards, we 
recalculated the minimum, mean and maximum values using Mein and Freudenthal (1971b) 
dataset of the type series included in the collection database of the NCB-Naturalis, Leiden (The 
Netherlands). 
The nomenclature used for the structures present in the occlusal surface, modified after 
TABLE 5.2. List of the comparison species studied, type locality and their ages. The references in where the dating for 
the sites is described are given on the fourth column.
Species Locality Age Reference
‘Cricetodon’ fandli Gratkorn MN7/8 Prieto et al., 2010
‘Cricetodon’ klariankae Felsőtárkány-Felnémet 2/3 MN7/8 Hír, 2007
C. bolligeri Petersbuch 10 MN7/8 Ziegler et al., 2005
C. jumaensis Petersbuch 18 MN7/8 Rummel, 2001
C. cariensis Sariçay MN7 Sen and Ünay, 1979
C. albanensis La Grive-Saint Alban MN7 Mein and Freudenthal, 1971a
C. engesseri Chräzerentobel 505m MN7 Rummel and Kälin, 2003
C. sansaniensis Sansan MN6 De Bruijn et al., 1992
C. pasalarensis Paşalar late MN6 Peláez-Campomanes and Daams, 2002
C. jotae Manchones MN6, biozone G2 De Bruijn et al., 1992
C. hungaricus Hasznos MN6 De Bruijn et al., 1993
C. caucasicus Belometchetskaya late MN6 De Bruijn et al., 1992
C. soriae Somosaguas MN5, biozone E Hernández-Fernández et al., 2006
C. meini Vieux-Collonges MN4-MN5 De Bruijn et al., 1992
C. candirensis Çandir MN5 De Bruijn et al., 2003
C. aureus Vieux-Collonges MN4-MN5 De Bruijn et al., 1992
C. volkeri Dingshanyanchi Fm. middle Miocene Wu et al., 2009
C. aliveriensis Aliveri MN4 Klein Hofmeijer and De Bruijn, 1988
C. wanhei Songlinzhuang early Miocene Qiu, 2010
C. tobieni Horlak 1a MN3-MN4 Tobien, 1978
C. kasapligili Keseköy MN3 De Bruijn et al., 1993
C. versteegi Kilçak 3a MN1 De Bruijn et al., 1993
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Mein & Freudenthal (1971b), is summarized in Figure 5.3. The photographs were taken with 
an environmental Scanning Electron Microscope FEI Quanta 200. The image processing was 
made using Adobe Photoshop software. The molars are figured as if they were from the right side; 
reversed images have been indicated by an underlined label.
Institutional Abbreviations—IAUU, Instituut voor Aardwetenschappen, Utrecht 
University, The Netherlands; MNCN, Museo Nacional de Ciencias Naturales, CSIC, Madrid, 
Spain; RGM, NCB-Naturalis, former Rijksmuseum van Geologie en Mineralogie, Leiden, The 
Netherlands; UCM, Universidad Complutense de Madrid, Spain.
FIGURE 5.2. Measurement method for length and width used in the present paper. The upper draws represent left 
upper teeth (from M1 to M3) and the lower draws represent right lower m3, m2 and m1. Abbreviations: L, length; W, 
width.
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FIGURE 5.3. Terminology of the parts of the cheek teeth of Cricetodon. Only the M1, M3 and the m1 morphology 
has been drawn; however, this nomenclature can be applied for the rest of the upper and lower molars. (Modified after 
Mein and Freudenthal, 1971b).
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Order RODENTIA Bowdich, 1821
Family CRICETIDAE Fischer, 1817
Subfamily CRICETODONTINAE Stehlin and Schaub, 1951
Tribe CRICETODONTINI Simpson, 1945
Genus CRICETODON Lartet, 1851
Diagnosis
Original Diagnosis (Lartet, 1851:20, translated from French)—“[Rodents with 
tubercular cheek teeth. Same tooth pattern and number of teeth as rats: six for each mandible. 
Molars present fewer tubercles than those of domestic rats. They are more related to the molars of 
the hamsters. However, they differ from the latter by the presence of an additional tubercle when 
the first upper and lower molars are considered. The most significant similarity with hamsters 
concerns the presence of an arterial hole on the exterior condyle of the humerus that is absent in 
the case of domestic rats.]”
 Emended Diagnosis (Mein and Freudenthal, 1971a:17, translated from French)—
“[Medium to large-sized Cricetodontini, the upper incisors are smooth or lined by a ‘dipodoid’ 
type groove. The M1 has four or five roots, the posterior root of m2 can be simple or bifurcate; the 
M1 has a simple or bifurcate anterocone, the upper molars show a trend in developing ectolophs; 
the M1 often shows protostyls and parastyls; lower molars often have protostylids, ectostylids and 
ectomesolophids; the m1 always has a descending labial ridge from the higher part of the antero-
conid; molars are brachyodonts or hypsodonts, but the height of the crown of an unworn tooth 
never exceeds the length of the roots of a worn teeth.]”
Remarks—As explained in the introduction, this emended diagnosis refers simultaneously 
to the subgenera, Hispanomys, Ruscinomys, Pseudoruscinomys and Cricetodon sensu Mein and 
SYSTEMATIC PALEONTOLOGY
89
Cricetodon soriae from the Iberian Middle Miocene
Freudenthal (1971a).
Diagnosis for the subgenus (Mein and Freudenthal, 1971a:17, translated from French)—
“[Medium to large-sized Cricetodontini, the upper incisors are smooth, the ectolophs of the upper 
molars are absent or weak; the molars are brachyodont; the anterocone on the upper M1 is simple 
or bifid; the upper M1 has four roots; the lower m2 has two or three.]”
Emended Diagnosis (De Bruijn et al., 1993:177)—“Small, medium or large-sized Crice-
todontinae with low-crowned cheek teeth. Cusps of cheek teeth ‘inflated’. Anteroconid of m1 
bearing a small rounded cusp. Majority of the m1 with double metalophulid or metalophulid 
II only. Anterocone of M1 single or double. Labial branch of the anterolophid of the m2 incor-
porated in the metalophulid I. The M1 and M2 with three or four roots. Free posterior arm of 
the hypoconid absent in all lower molars. Occlusal surface of all cheek teeth worn flat in senile 
specimens.”
Type Species—Cricetodon sansaniensis Lartet, 1851
Other Species Included—See Table 5.2.
CRICETODON SORIAE López Martínez, Cárdaba, Salesa, Hernández Fernández, Cue-
vas González and Fesharaki, 2006
(Figs. 5.1–5.7; Tables 5.1 and 5.3)
Cricetodon soriae n. sp. López Martínez, Cárdaba, Salesa, Hernández Fernández, Cuevas 
González and Fesharaki, 2006 in Hernández Fernández et al., 2006: 275, figs. 10–11 (original 
description).
Cricetodon meini Freudenthal, 1963:74 (only for Las Planas 4A and 4B)Cricetodon n. sp. 3 
in De Bruijn, Fahlbusch, Saraç and Ünay, 1993: 206, Pl.17
Material
Original Type Locality— Somosaguas N (SOMN), Madrid Basin, Spain.
New Localities—See Table 5.1.
Stratigraphic Range—middle Miocene (middle Aragonian, upper part of the MN5, local 
biozone E).
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Geographical Range—central basins of the Iberian Peninsula.
Diagnosis
Original Diagnosis (López Martínez, Cárdaba, Salesa, Hernández Fernández, Cuevas 
González and Fesharaki, 2006 in: Hernández Fernández et al., 2006:275, translated from 
Spanish)—“[Medium-sized Cricetodon, with a relatively short and wide m1 and a relatively 
developed m3; reduced ectoloph, mesoloph and mesolophid; posterior metalophid in m1. It differs 
from C. aureus by the dental proportions and its smaller size; it differs from C. jotae by its more 
robust m1, the posterior metalophid in the m1, less development of the ectoloph on the M2, the 
larger absolute width in all elements and the larger absolute and relative size of M2, m2 and m3.]”
Emended Diagnosis—Medium to large-sized Cricetodon. Upper and lower molars without 
styls or stylids. M1 with anterior and posterior protolophule; anterior ectoloph on the M1 absent. 
Anterior ectoloph on the M2 is weak and it can be observed as an enamel spur; posterior ectoloph 
well-distinguished and short, never connected to the paracone. High-crowned M3 with a short 
and disconnected posteroloph; well-developed hypocone; neo-entoloph hardly developed or 
absent; and with a continuous entoloph. Short and wide m1, metalophulid I, always present, may 
be disconnected: metalophulid II always present. The lower third molar is large and longer than 
the m1; the length m1/ length m3 index is more or less 1; variable mesolophid on the m3, it may 
be short and connected to the metaconid, long and connected either to the metaconid or to the 
entoconid, or double connected to both the metaconid and the entoconid.
Differential Diagnosis—Cricetodon soriae differs from C. aureus Mein and Freudenthal, 
1971b in: larger size of the m3; more developed hypocone and more degree of hypsodonty on the 
M3; lack metalophulid I alone on the m1; presence of entoconid spur on the m1. Differs from 
C. caucasicus Argyropulo, 1938, C. kasapligili De Bruijn, Fahlbusch, Saraç and Ünay, 1993 and C. 
tobieni De Bruijn, Fahlbusch, Saraç and Ünay, 1993, in: split anterocone; four-rooted M1; larger 
size. Differs from C. sansaniensis Lartet, 1851, in: deeply split anterocone and double protolophule. 
Differs from C. versteegi De Bruijn, Fahlbusch, Saraç and Ünay, 1993 in: less developed antero-
lophs and ectolophs; larger size. Differs from C. aliveriensis Klein Hofmeijer and De Bruijn, 1988 
and C. pasalarensis (Tobien, 1978) in: larger size. Differs from C. meini Freudenthal, 1963 in: larger 
size; m1 with metalophulids type I and type II always present together on the same specimen. 
Differs from C. albanensis Mein and Freudenthal, 1971a, C. bolligeri Rummel, 1995, C. jumaensis 
Rummel, 2001 and C. engesseri Rummel and Kälin, 2003 in: m1 with metalophulids type I and 
type II always present together on the same specimen. Differs from C. jumaensis Rummel, 2001 
and C. bolligeri Rummel, 1995 in: absence of styls on the M1. Differs from C. candirensis (Tobien, 
1978) and C. hungaricus (Kordos, 1986) in: less developed anterolophs and ectolophs. Differs 
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from C. cariensis (Sen and Ünay, 1979) in: absence of enamel-coated valleys on the upper molars; 
ectolophs more developed. Differs from C. jotae Mein and Freudenthal, 1971a in: the larger size; 
m1 with metalophulids type I and type II always present together on the same specimen; less 
developed anterolophs and ectolophs. Differs from C. klariankae Hír, 2007 in: the less developed 
ectolophs. Differs from “Cricetodon” fandli Prieto et al., 2010 in: the less developed ectolophs; 
absence of lingual spur of the anterolophule. 
CRICETODON SORIAE FROM  THE CALATAYUD-DAROCA BASIN
Description of the Studied Material
M1—Material: LUM11:2; LP4BA:1; LUM19:2; LUM20:2. This molar has four roots. The 
tooth is very wide and short, having a rounded outline. A shallow groove on the anterior wall 
divides the anterocone into two parts. The connection between the protocone and anterocone is 
through the anterolophule. This lophule can present as an enlargement of the enamel. A posterior 
protolophule connects the paracone with the posterior branch of the protocone. An anterior proto-
lophule connects the paracone with the anterolophule in most cases; it is absent only in LP4BA 
and LUM20. The anterior ectoloph is absent. The posterior ectoloph is simple, never complete. 
The mesoloph is short in LUM11 and LUM19, and it is incipient in LUM20. The mesoloph-
ectoloph connection is absent. The metalophule is directed backwards. The labial posteroloph is 
quite thin but well delimited. The lingual posteroloph is absent. The anterosinus is closed by either 
a cingulum (LUM11) or two ridges attached to the protocone and the hypocone respectively 
(LUM19). The protosinus and the mesosinus are closed by a cingulum. The sinus is either open 
(one out of two specimens in LUM20) or closed by a cingulum, but never by a styl. The enamel on 
the base of the protocone and the hypocone is rough (Fig. 5.4).
M2—Material: LUM11:2; LP4BA:1; LUM19:1; LUM20:1. The tooth has four roots. It is 
short and wide, but with an outline more rectangular than in the M1. The anterocone is reduced to 
an enlargement of the enamel on the anteroloph. The loph that connects the anteroloph with the 
paracone is reduced and generally lower than the anteroloph (LUM19 and LUM20). This loph 
can be absent (LUM11 and LP4BA). The posterior ectoloph is simple and disconnected. Only a 
few specimens present mesoloph and it is short (LUM11) or incipient (LP4BA). It shows neither 
enamel coated valley, nor an entomesoloph. Both labial and lingual posterolophs are present but 
weak. The anterosinus is always closed. The protosinus is well developed and it is closed by a 
cingulum in most specimens, although in one case (LUM20) is closed by a styl. The mesosinus, 
which is well developed, can be closed, either by a cingulum (LUM11, LP4BA, one out of two 
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specimens in LUM19, and LUM20) or by two ridges (one out of two specimens in LUM19) 
but never by a styl. The sinus can be either open (LP4BA and LUM20) or closed by a cingulum 
(LUM11) (Fig. 5.4).
M3—Material: LUM11:1; LP4BA:2; LUM19:2; LP4C:2; LUM20:2. It has a subtrian-
gular and rounded outline with three roots. Both labial and lingual anterolophs are present, but 
the lingual branch is weaker than the labial one. The anterior ectoloph is absent. The posterior 
ectoloph can be simple (LUM11, LP4BA, LUM19 and one out of two specimens in LP4C) 
or double (one out of two specimens in LP4C and LUM20). It is never complete. Most of the 
specimens have a mesoloph and its length is variable. It may be short (one out of two specimens 
in LP4BA and one out of two specimens in LUM20), medium length, about half the distance 
between longitudinal ridge and labial border (LUM11) or long, reaching the labial border (LP4C). 
The mesoloph-ectoloph connection is absent. The entoloph is continuous and there is no trace of 
the neo-entoloph. The labial posteroloph is usually well developed but short and it never connects 
to the metalophule or the metacone. It is absent in only one specimen from LP4C. The sinus is 
anterior or transversal (LUM11) (Fig. 5.4).
m1—Material: LUM11:2; LUM16:1; LP4BA:2; LUM20:1. This molar has an elongated 
shape and two roots. The anteroconid is situated on the longitudinal axis of the occlusal surface. The 
labial anterolophid is a well-developed ridge that connects the anteroconid with the protoconid 
in some specimens (LUM11 and LUM16); on the rest (LP4BA and LUM20) this ridge does not 
reach the protoconid. The lingual anterolophid is present in only one specimen (LUM16). In all 
cases, both metalophulid I and II are present together on the same specimen. The longitudinal 
ridge bears a mesolophid. This mesolophid can be short (LUM16 and one out of two specimens 
in LP4BA) or incipient. The ectomesolophid is present in only one specimen from LUM11. The 
entoconid spur is absent. The labial posterolophid is well developed (LUM11) or it can be absent 
(LUM20). The posterolophid is an oval cusp rather than a ridge, due to a constriction on the 
posterior wall. A low cingular ridge blocks the mesosinusid in one case (LP4BA), but in the rest, 
this valley is open. The sinusid is directed forwards and it can be blocked either by a cingular 
ridge (LUM11 and LP4BA) or by two ridges (LUM20) but never by a stylid. The posterosinusid 
is blocked by a cingular ridge. The protoconid and the hypoconid show rough enamel (Fig. 5.5).
m2—Material: LUM11:4; LUM16:3; LP4A:1; LP4BA:1; LP4B:1. The molar is almost 
rectangular in shape and the anterior and the posterior parts have similar width. The labial branch 
of the anterolophid is well developed. The lingual anterolophid is absent. The mesolophid is 
variable in length; it can be short (LP4A; LP4BA and LP4B) or long (one out of three specimens 
in LUM11), but it never reaches the lingual border; in some cases (two out of three specimens 
in LUM11, LUM16; LP4BA; LP4B), the mesolophid is curved and projected towards the 
metaconid, reaching it. The lingual posterolophid is constricted behind the hypocone; its lingual 
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part is cuspidate. The ectomesolophid is present in one case from LUM11. There is no anterosi-
nusid and the mesosinusid is blocked by a cingular ridge in most cases, although it can also be 
open (one out of two specimens in LUM11 and one out of two specimens in LUM16). In most 
teeth, a cingular ridge is connecting the hypoconid with the protoconid at the labial border of 
the sinusid, whereas in one specimen from LUM11 the cingular ridge starts from the protoconid 
and it does not reach the hypoconid. The sinusid is never blocked by a stylid. A weak labial poste-
rosinusid is formed on the posterior wall of the hypoconid. The lingual posterosinusid is equally 
blocked by a cingular ridge (LUM11 and LUM16) or by the structure resulting from the fusion 
of the lingual posterolophid and the entoconid (LP4A; LP4BA and LP4B). The enamel is rough 
on the base of the hypoconid and the protoconid (Fig. 5.5).
m3—Material: LUM11:3; LUM16:2; LP4B:1; LUM19:1; LUM20:1. This molar has a 
triangular but rounded outline. The labial branch of the anterolophid is long and it reaches the 
protoconid. The lingual branch of the anterolophid is absent. The mesolophid is always present and 
well developed. It may reach the lingual border (LUM11 and LUM16) or it may be of a medium 
length (LP4B and LUM19). In one case (LUM20), the mesolophid is short and connected with 
the metaconid. It can be connected both to the metaconid and to the entoconid in some cases 
(two out of three specimens in LUM11). The ectomesolophid is absent. The lingual posterolophid 
is high and extends to the entoconid. It can be somewhat constricted behind the hypoconid, its 
lingual part is cuspidate and a weak valley on the posterior wall of the tooth is developed. The 
hypolophulid, which is transversal, can be connected to the anterior branch of the hypoconid. 
Some specimens have the mesolophid connected with the ectolophid (two out of three specimens 
in LUM11). In some cases, (LUM11, LUM16 and LUM19), a low cingular ridge connects the 
hypoconid with the protoconid on the sinusid, but in the rest (LP4B and LUM20), the sinusid is 
open. It never presents stylids. The mesosinusid is open in most specimens, although in one case 
from LUM16, it is blocked by a low cingular ridge. This structure is also present at the end of the 
lingual posterosinusid. In some cases (LP4B and LUM20) the lingual posterolophid projects to 
the entoconid closing it. The enamel of the hypoconid and the protoconid is rough (Fig. 5.5).
Discussion
The most important features of the studied cricetid material are: medium to large size, 
upper molars with three or four roots, and split anterocone on the M1. Most of the m1 have 
metalophulid I and II, the anteroconid bearing a small rounded cusp and the lower molars often 
with ectomesolophids. These features agree with the proposed diagnosis of the genus Cricetodon 
sensu De Bruijn et al. (1993).
Furthermore, the studied material possesses features like: brachydont molars, with short or 
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absent ectolophs that fit into the group 5 defined by Prieto et al. (2010) for Cricetodontini.
Among the Calatayud-Daroca remains, we observe differences in the degree of the develo-
pment of mesolophs and mesolophids in all elements. These structures are less developed on the 
upper molars, where they are short or reduced to an “incipient mesoloph” (an enlargement of the 
enamel on the longitudinal ridge) whereas, they are more developed on the lower molars. The 
mesolophids can be medium or long in the material from the older localities (LUM11, LUM16), 
although in the youngest locality (LUM20), it can form a short crest. The posterior ectolophs on 
the M3 also show variability in their development. Simple ectolophs on LUM11 and LP4A that 
develop a second branch on LP4C and LUM20 are present. 
Another type of differences is in the frequency of occurrence of the cingular ridges that 
are blocking the main valleys. Structures like the cingulum that blocks the sinus and labial poste-
roloph on the M2 are present on the older localities (LUM11, LP4BA), whereas the youngest 
locality (LUM20) shows the sinus open and the labial posteroloph is absent. We suggest that 
the difference in frequency of particular states of character among the localities cannot be truly 
evaluated as the number of specimens in the sample is very low. This means that it is difficult to 
see the complete range of morphological variability of the species at a single locality. Nevertheless, 
differences among the most diagnostic features, like the size and degree of the development of the 
ectolophs and posterolophs on the upper molars, the presence of double protolophule and short 
posterolophs on the M3, or the presence of both metalophulids on the m1 have not been found. 
Thus, we consider that the studied material belongs to the same species.
CRICETODON SORIAE FROM THE MADRID BASIN
 Cricetodon soriae has been described by López Martínez et al. (2006) on the locality 
Somosaguas N. This site was dated around 14.1 to 13.8 Ma (Luis and Hernando, 2000) corre-
sponding to local biozone E (middle Aragonian) from the Madrid Basin (Hernández Fernández 
et al., 2006; Domingo et al., 2009a). In order to clarify the morphology of the type material of 
C. soriae from Somosaguas N, we have described it under the same morphological criteria as 
the material from Calatayud-Daroca. One of the paratypes, SOMN-53, was described by López 
Martínez et al. (2006) as an M2; however, following a comprehensive study of the material, we 
have identified this specimen as an M3. The different elements are not completely represented in 
C. soriae material from SOMN. The available material from the type locality corresponds to one 
M2, one M3, two m1, one m2 and two m3.
Descriptions of the Material from the Type Locality Somosaguas Norte.
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M2—The only available specimen presents a square-like contour. The posterior ectoloph 
is simple and disconnected. The specimen does not present a mesoloph. It shows neither a 
mesoloph-ectoloph connection nor entomesoloph. The labial posteroloph is present but weak. 
The anterosinus is always closed. The mesosinus and the sinus are well developed and closed by a 
cingulum. The sinus is curved forwards (Fig. 5.6).
M3—This element is represented by only one fragment. The lingual anteroloph is present. 
The anterior ectoloph is absent. The posterior ectoloph is simple and not complete. The mesoloph 
is a slight enlargement of the enamel from the longitudinal ridge. There is no enamel-coated valley. 
The entoloph is continuous. The labial posteroloph is present but short and it is not connected to 
the metalophule or to the metacone (Fig. 5.6).
m1—The two specimens have an elongated outline in the occlusal view. The anteroconid 
is situated on the longitudinal axis of the occlusal surface. The labial anterolophid is a well-
developed ridge and it does not reach the protoconid. The lingual anterolophid is absent. The 
metalophulid I is present, but not connected to the anteroconid. The metalophulid II connects the 
metaconid with the posterior branch of the protoconid. The longitudinal ridge bears a slight enlar-
gement as a short mesolophid. The ectomesolophid is absent. The entoconid is not constricted. 
The labial posterolophid is not present. The posterolophid is an oval cusp rather than a ridge, due 
to a constriction behind the hypoconid. The anterosinusid and mesosinusid are not blocked by 
cingulids. The sinusid is directed forwards and blocked by a cingular ridge. The posterosinusid is 
open (Fig. 5.6).
m2—The outline of the only m2 present is almost rectangular and the width of the anterior 
and posterior parts is similar. The labial branch of the anterolophid is well developed and reaches 
the protoconid. The lingual anterolophid is absent. The mesolophid is short and reaches the 
metaconid. The lingual posterolophid is constricted on the posterior wall. The ectomesolophid 
is absent. There is no anterosinusid and the mesosinusid is closed by a ridge. A cingular ridge, 
descending from the protoconid, blocks the sinusid. The hypoconid presents a weak labial poste-
rosinusid. The lingual posterosinusid is closed by a cingular ridge (Fig. 5.6).
m3—The labial branch of the anterolophid is long, reaching the protoconid. The lingual 
branch of the anterolophid is present, but weak. The mesolophid is present and well developed in 
the two studied specimens; it never reaches the lingual border (medium length) and is connected 
to the metaconid. The ectomesolophid is absent. The lingual posterolophid is high and extends to 
the entoconid. The hypolophulid, which is transversal, can be connected to the anterior branch of 
the hypoconid. None of the specimens have an enamel-coated valley. The sinusid is transversal and 
it is either closed by a low cingulum or by a small stylid. The mesosinusid is open. There is no labial 
posterosinusid. A small cingular ridge is present at the end of the lingual posterosinusid (Fig. 5.6).
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FIGURE 5.4. Cricetodon soriae, from Calatayud-Daroca. Upper molars. Las Umbrías 11. A, inverted left M3, LUM11-
321; B, inverted left M2, LUM11-3; C, right M1, LUM11-1; Las Umbrías 19. E, right M3, LUM19-212; F, right M1, 
LUM19-209. Las Umbrías 20. G, right M3, LUM20-221; H, right M2, LUM20-224; I, right M3, LUM20-222. Scale 
bar equals 1 mm.
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FIGURE 5.5. Cricetodon soriae, from Calatayud-Daroca. Las Umbrías 11. A, inverted left m1, LUM11-6; B, right 
m2, LUM11-9; C, inverted left m2, LUM11-4; D, inverted left m3, LUM11-11; E, inverted left m2, LUM11-10; F, 
inverted left m3, LUM11-12. Las Umbrías 16. G, inverted left m3, LUM16-242; H, right m2, LUM16-241; I, right 
m3, LUM16-243. Las Umbrías 20. J, right m1, LUM20-223; K, right m3, LUM20-225. Las Umbrías 19. L, inverted 
left m3, LUM19-214. Scale bar equals 1 mm.
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FIGURE 5.6. Cricetodon soriae, from Somosaguas N. A, left mandible, SOMN-2109 (Holotype); B, left m1, SOMN-
2109 (i); C, left m2, SOMN-2109 (ii); D, left m3, SOMN-2109 (iii); E, inverted right m3, SOMN-50; F, left M2, 
SOMN-51; G, left M3, SOMN-53. Scale bars equals 0.5 mm and 1mm.
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Discussion
These specimens from SOMN share several characters with the material from Calatayud-
Daroca: the m1 with both metalophulids I and II present, the sinusid on the m2 closed by a 
cingulum and the m2 also has a medium mesolophid that is connected to the metaconid. The M2 
has no anterior ectoloph and the posterior one is simple and not connected to the metacone. But 
the most important similarities are present on the m3. The m3 from both SOMN and Calatayud-
Daroca is large. The values of the length m1/length m3 index are between 1.02 and 1.06 for C. 
soriae from SOMN and our specimens show values of 0.99. That means that the m3 is approxi-
mately as long as the m1 in both cases.
Based on the aforementioned characters, we conclude that there are morphometrical 
criteria enough to assign the material from Calatayud-Daroca to C. soriae. Although the Madrid 
and Calatayud-Daroca basins show differences in the abundance of some genera (Peláez-Campo-
manes et al., 2003; Hernández-Ballarín et al., 2011), the similarities on their rodent assemblages 
have made possible to recognize the local biozonation built for Calatayud-Daroca by Daams et 
al. (1999a) in the Madrid Basin (Peláez-Campomanes et al., 2003). In addition, these basins have 
been included in the southern biogeographical province due to the similarity between the faunas 
of both basins (Agustí et al., 1984; Agustí, 1990; Álvarez-Sierra et al., 1990; Alberdi and Azanza, 
1997; Morales et al., 1999; Gómez-Cano et al., 2011).
COMPARISON WITH OTHER SPECIES OF CRICETODON
As a result of this study, our knowledge about C. soriae has increased. This allows us to make 
the comparisons with the other Cricetodon in Europe and Asia Minor.
A comparison of the measurements shows a clear difference in size between our material, 
and the small-sized Cricetodon i.e. C. caucasicus, C. versteegi, C. pasalarensis, C. aliveriensis, C. 
kasapligili, C. tobieni, C. jotae and C. meini (Argyropulo, 1938; Freudenthal, 1963; Mein and 
Freudenthal, 1971a, 1971b; Tobien 1978; Klein Hofmeijer and De Bruijn, 1988; De Bruijn et al., 
1993; Daxner-Höck, 2003; Rummel, 2001; Markovic, 2008). 
We have found several morphological differences in the species that are similar in size 
to Cricetodon from Calatayud Daroca. C. candirensis has upper molars with well-developed 
anterolophs and ectolophs (Tobien, 1978; Kordos, 1986). Cricetodon cariensis has enamel-coated 
valleys on the upper teeth, and less-developed ectolophs (Sen and Ünay, 1979) than our material. 
Cricetodon bolligeri, C. engeseri and C. albanensis possess type I metalophulids exclusively on the 
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m1 (Rummel, 1995; Rummel and Kälin, 2003; Kälin and Kempf, 2009), whereas metalophulid 
type II is always present in the material from Calatayud-Daroca. Although C. jumaensis presents 
the same kind of metalophulid (I+II type) as C. soriae in the m1 (7 out of 19), metalophulids type 
I without type II (4 out of 19) or type II alone (5 out of 19) are also found in the type locality of 
Petersbuch 18 (Rummel, 2000; Rummel, 2001). Furthermore, a styl is present on the holotype 
and the hypolophulid on the m3 is forward directed (Rummel, 2001), whereas C. soriae never have 
styls and the hypolophulid on the m3 is transversal.
Cricetodon sansaniensis was described by Lartet (1851) but detailed descriptions were given 
by Baudelot (1972). According to her descriptions, C. sansaniensis presents a single or weakly 
divided anterocone. The ectolophs in this species are absent in the half of the specimens from the 
type locality. However, a weak projection of the enamel in the paracone or the anterocone can 
be distinguished in the other half of the specimens (Baudelot, 1972; Maridet and Sen, 2012). 
By contrast, the material from Calatayud-Daroca never shows an anterior ectoloph on the M1. 
Cricetodon klariankae, defined in Hungary has anterior ectolophs and double posterior ectolophs 
on the M1, together with a reduced hypocone on the M3 (Hír, 2007). “Cricetodon” fandli presents 
a very well-developed ectolophs which reach the paracone and metacone respectively in the upper 
molars (Prieto et al., 2010). 
Cricetodon soriae has been compared with the representatives of the genus from the central 
and eastern Europe basins that are close in age. The Swiss Molasse of the NAFB, Uzwill-
Nutzenbuech dated at 14.9 Ma by Kälin andKempf (2009) contains Cricetodon aff. aureus. This 
material shows features such as an entomesoloph and styls on the M1, but it has no anterior proto-
lophule (Rummel and Kälin, 2003). On the German Molasse of the NAFB, the first occurrence 
of the genus corresponds to Cricetodon aff. meini from Eberhausen (Boon, 1991; De Bruijn et al., 
1993). This fossil site is dated in 15.2 Ma by Abdul Aziz et al. (2010). This material has differences 
with C. soriae such as the presence of solely metalophulid type I and ectomesolophid on the m1 
(Boon, 1991; de Bruijn et al., 1993). Cricetodon hungaricus, from Hasznos, Hungary (Kordos, 1986; 
de Bruijn et al., 1993) shows different features in comparison with C. soriae, such as the presence of 
metalophulid type II without type I, shorter mesolophids on the m3, and shorter M3 and m3 (de 
Bruijn et al., 1993). In Serbia, the species C. meini has been found in the MN6 localities of Bele 
Vode and Lazarevac (Markovic, 2008). The specimens present features such as absence of anterior 
protolophule of the M1, open valleys in the M2 and m2, styls and metalophulid type II without 
type I and a reduced M3 (Markovic, 2008) that are not present in C. soriae. Cricetodon meini from 
Mühlbach (MN5) in Austria differs from C. soriae in its smaller size, it has neither anterior proto-
lophule nor posterolophid on the M1 and it shows a reduced hypocone and paracone on the M3, 
and, the m3 is shorter than the m1 (Daxner-Höck, 2003).
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Cricetodon from Vieux-Collonges
Cricetodon aureus and C. meini were described in the middle Miocene French locality of 
Vieux-Collonges (Mein and Freudenthal, 1971b). The authors (1971b) stated that it was difficult 
to distinguish between the third molars of C. aureus and C. meini from Vieux-Collonges because 
of the large overlap in size. They studied the material stored at the Faculté des Sciences de Lyon, 
the Muséum d´Histoire Naturelle de Lyon and the NCB-Naturalis. They included detailed 
descriptions of each element of C. aureus and C. meini. However, the metrical and morphological 
descriptions of the third molars were reduced to the specimens included in the maxillas and 
mandibles. The authors pointed out: “[We have not tried to distinguish both forms on the third 
molars. We have only a few specimens on the mandible and maxilla that we know for sure is C. 
aureus]” (Mein and Freudenthal, 1971b: 26; translated from French) and “[We have not given the 
minimum for the third molars because of the difficulty of distinguishing the specimens of both 
species]” (Mein and Freudenthal, 1971b: 27; translated from French). 
As we have pointed out before, in the discussion of the material from SOMN, we consider 
that the morphometrical features of the third molar have a high diagnostic value in C. soriae. First 
and second molars of C. meini are clearly smaller than C. soriae, whereas C. aureus is closer in size 
to C. soriae (Table 5.4). In order to evaluate the differences in size and morphology between the C. 
aureus and C. soriae, we have carried out a morphometrical analysis of 137 M3 elements identified 
as either C. aureus or C. meini stored at the RGM. Descriptive statistics presented on Table 5.4 
for the M3 of C. aureus were calculated using the original measurements of Mein and Freud-
enthal (1971b) from the database of the NCB-Naturalis collections, but using the new specific 
assignation for the M3 based on the morphological criteria explained in this paper. The observed 
differences on the morphology of C. aureus, including the upper third molar are discussed here. 
The frequency and percentage of the most diagnostic features are presented on Figure 5.7.
In general, C. aureus presents the following features: absent entomesoloph on the M1; 
some M2 with styls and complete posterior ectolophs; ectomesolophid on the m1, with some m1 
displaying exclusively type I or type II metalophulid; stylids on the m2; lingual anterolophid on 
the m3 (Mein and Freudenthal, 1971b) that are absent in C. soriae. Moreover, the mesolophs and 
mesolophids present in C. aureus are longer than the ones from Calatayud-Daroca material. The 
lower third molar shows a single short mesolophid that is never connected either to the metaconid 
or the entoconid, whereas C. soriae shows a long mesolophid that can be connected to either one 
of these cusps or to both. Our analysis determinates that the degree of hypsodonty in LUM11 
is approximately 1.66 mm and about 1.20–1.30 mm in C. aureus. The M3 of C. aureus is smaller 
and less hypsodont than the specimens from Calatayud-Daroca. In addition, we observe that the 
neo-entoloph is absent in all the specimens (n=9) of C. soriae from Calatayud-Daroca, whereas 
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6 out 22 specimens of C. aureus show developed enamel spurs on both hypocone and protocone. 
This neo-entoloph can be disconnected (Fig. 5.7).
Regarding the posteroloph of the M3, we have described four character states for this 
structure: absent, short, connected to the metalophule and connected to the metacone with absent 
metalophule. Most of the M3 of C. soriae (87.5%) show a short posteroloph, a deep valley (postero-
sinus) delimited by a metalophule and a posteroloph is present. The M3 of C. aureus present short 
posteroloph in 45.5% of the specimens, although, this ridge is absent in 31.8% of the specimens. 
Furthermore, the posterosinus is not as deep as in the specimens from Spain (Fig. 5.7). In general, 
the mesolophs in C. soriae are less developed than in C. aureus. The M3 of C. soriae presents a well-
developed hypocone and thus the posterior part of the teeth is elongated. On the other hand, C. 
aureus shows a more reduced hypocone, with a posterior part of its M3 also reduced.
Sarica-Filoreau (2002) proposed that the shape of the M3 can be expressed in terms of 
the Length/Width index. She recognized two groups: 1) rounded: Length/Width index between 
1.00–1.10 and 2) and elongated: Length/Width index 1.10–1.20. For the Calatayud-Daroca 
material, most (five out of seven specimens) of the values for Length/Width index are approxi-
mately 1.10 (Fig. 5.7), which means that the external outline is close to an elongated form (Figs. 
5.3. 5.4 to 5.6). In the case of C. aureus, the specimens show a large dispersion of index values 
(0.98–1.15), although we note that most of the specimens (16 out of 25) have an index of between 
0.98 and 1.09. These specimens are characterized by a rounded shape.
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FIGURE 5.7. Frequency and percentage (in parentheses) of the character states described for the M3 of C. soriae from 
the middle Aragonian of the Calatayud-Daroca Basin in comparison with C. aureus and C. meini from Vieux-Collonges.
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The oldest occurrence of C. soriae in the Calatayud-Daroca basin is LUM11. As we pointed out above, De Bruijn et al. (1993) suggested the possibility of a new species in LUM11. The reasons they give to justify their proposal were: the inter-
mediate size between the large species (C. aureus and C. sansaniensis) and the smaller species (C. 
meini and C. jotae); the low degree of hypsodonty and the combination of two features, the double 
protolophule and the lack of the anterior ectoloph on the M1. 
After our morphological analysis of C. soriae, we can complete the information about the 
most important features of this species; these are absence of styls and stylids, low development 
of the mesoloph-ids, presence of anterior and posterior protolophules on the M1; absence of 
the anterior ectoloph on the M1 and M3; well-developed posteroloph on the M3; presence of a 
metalophulid II or I and II together; presence of incomplete metalophulid I; the m3 longer than 
the m1; the large size of the m3; long and double mesolophids on the m3.
Based partly of these aforementioned characters, we observe that there is a morphome-
trical resemblance between C. soriae and the species of Cricetodon from Anatolia. This idea is in 
agreement with the hypothesis of De Bruin et al. (1993) that suggests that the species present 
in LUM11 and in LP4A and LP4B, may be related to the Anatolian species of Cricetodon. They 
support that hypothesis based on a number of features such as the presence of anterior protolo-
phule on the M1 and the fact that the m3 is longer than the m1. Furthermore, we find relevant to 
add to these common features, the presence of an incomplete metalophulid I on the m1 that we 
described in C. soriae. Moreover, De Bruijn et al. (1993) observed this incomplete metalophulid I 
on the m1 on the species from Anatolia such as C. versteegi and C. tobieni.
It is worth noting that any further study on Cricetodon must include a cladistic study in 
order to evaluate whether C. soriae share a common ancestry with the species from Asia Minor, 
since e.g. the phylogenetic study by Bi (2005) did not include a number of species, C. soriae among 
them.
The first occurrence of C. soriae is coincident with the faunal dispersion event called 
Conohyus/Pliopitechus described around 14 Ma ago (Van der Made, 1999). Several studies indicate 
the initiation of an episode of global cooling and aridity (Zachos et al., 2001; Böhme et al., 2011) 
corresponding with this period of time. For the Iberian Peninsula, the paleoclimatical context 
FINAL REMARKS & CONCLUSIONS
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corresponds to a cooling event and a decrease in the amount of precipitation (Van der Meulen 
and Daams 1992; Domingo et al., 2009a; Böhme et al., 2011). Such changes on the environmental 
conditions suggest that the Iberian Peninsula might be an optimum region for the establishment 
of Cricetodon representatives like C. soriae. 
CONCLUSIONS
Both the morphological and metrical features of the studied material lead us to identify it as 
Cricetodon soriae. This species is the oldest representative of the genus in the Iberian Peninsula. The 
number of localities containing C. soriae increases by eight and thus the species can be found not 
only in the Madrid Basin but also in Calatayud-Daroca. The metrical and morphological analysis 
performed here adds to the information about the size and morphology of the scarce material 
from the type locality (SOMN) and allows us to emend the diagnosis of C. soriae. Moreover, 
detailed comparisons with the rest of the species of Cricetodon including the first representatives 
of Cricetodon in central and eastern Europe have been performed here. In order to evaluate the 
differences with C. aureus, we firstly have studied the type material of Vieux-Collonges and then 
identified the upper third molars as belonging to two species C. aureus and C. meini. Finally, we 
found several morphological features that C. soriae shares with the Anatolian species of Cricetodon. 
The first occurrence of C. soriae is coincident with a mammal migration event across Europe. This 
migration could be related to an environmental change into a period of cooling and an increase in 
the aridity of the Iberian Peninsula.
Min Mean Max N Min Mean Max N
LUM19 3.16 1 2.07 1 1.53
LUM11 3.30 1 2.13 2.14 2.14 2 1.54
LUM20 2.52 1 2.30 1 1.10
LP4BA 2.59 1 2.17 1 1.19
LUM11 2.47 1 2.11 1 1.17
LUM20 2.19 2.22 2.24 2 1.90 1.92 1.95 2 1.16
LP4C 2.09 1 1.93 1 1.08
LUM19 2.03 1 1.87 1 1.09
LP4BA 1.93 1.96 1.99 2 1.88 1.94 1.99 2 1.01
LUM11 2.24 1 1
LUM20 2.74 1 1.94 1 1.41
LP4BA 1.71 1
LUM11 2.65 1 1.82 1 1.46
LP4B 2.55 1 1.96 1 1.30
LP4A 2.03 1
LUM16 2.38 1 1.94 1 1.23
LUM11 2.49 2.53 2.57 3 1.93 2.04 2.14 2 1.24
LUM20 2.78 1 2.20 1 1.26
LUM19 1.98 1
LP4B 2.25 1 1.88 1 1.20
LUM16 2.53 2.63 2.73 2 1.86 1.94 2.02 2 1.36
LUM11 2.64 2.69 2.75 3 1.96 2.02 2.08 3 1.33
M3
m1
m2
m3
Length Width
L/W
M1
M2
Locality
TABLE 5.3. Length and width of the upper 
and lower molars taken of Cricetodon soriae 
from Calatayud-Daroca. Units are given in 
mm. Abbreviations: Min, minimum values; 
Max, maximum values; N, number of speci-
mens; L/W, Length/Width index.
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TABLE 5.4. Length and width of the upper and lower molars of large species of Cricetodon. Units are given in mm. 
Measurements for C. sansaniensis , C. klariankae and C. albanensis the M1, M2, m1, m2 and m3 of C. aureus and C. 
soriae from SOMN given by Maridet and Sen, 2012; Hír, 2007; Mein and Freudenthal, 1971a, 1971b and Hernández 
Fernández et al., 2006. Descriptive statistics presented for M3 of C. aureus was calculated using the dataset of the type 
series included in the collection database of the NCB-Naturalis, Leiden (The Netherlands), applying the new criteria 
of present paper to classify the M3. Abbreviations: Min, minimum values; Max, maximum values; N, number of speci-
mens; L/W, Length/Width index.
Min Mean Max N Min Mean Max N
Cricetodon klariankae 3.30 3.39 3.55 8 2.15 2.21 2.27 9 1.53
Cricetodon sansaniensis 2.99 3.38 3.68 34 2.00 2.19 2.35 33 1.54
Cricetodon albanensis 3.18 3.48 3.77 50 1.99 2.15 2.31 50 1.62
Cricetodon aureus 3.19 3.34 3.67 13 1.98 2.12 2.35 13 1.57
Cricetodon klariankae 2.65 2.80 2.92 11 1.85 2.03 2.17 11 1.38
Cricetodon sansaniensis 2.26 2.56 2.77 26 1.94 2.15 2.41 26 1.19
Cricetodon albanensis 2.44 2.61 2.77 50 1.92 2.06 2.20 50 1.20
Cricetodon aureus 2.45 2.55 2.65 8 2.01 2.09 2.18 8 1.22
Cricetodon klariankae 1.76 1.91 2.05 11 1.62 1.76 1.90 1.09
Cricetodon sansaniensis 1.91 2.09 2.31 26 1.73 1.96 2.16 23 1.07
Cricetodon albanensis 1.94 2.11 2.30 50 1.77 1.92 2.05 50 1.10
Cricetodon aureus 1.97 2.10 2.23 25 1.88 1.97 2.07 25 1.07
Cricetodon klariankae 2.65 2.74 2.80 13 1.67 1.79 1.95 13 1.53
Cricetodon soriae 2.65 1.86 1 1.42
Cricetodon sansaniensis 2.59 2.86 3.08 29 1.74 1.89 2.08 29 1.51
Cricetodon albanensis 2.70 2.94 3.20 50 1.76 1.87 1.97 50 1.57
Cricetodon aureus 2.61 2.73 2.89 12 1.73 1.81 1.90 12 1.51
Cricetodon klariankae 2.45 2.69 2.87 16 1.75 1.93 2.05 16 1.39
Cricetodon soriae 2.58 2.05 1 1.26
Cricetodon sansaniensis 2.55 2.71 2.89 25 1.93 2.14 2.37 32 1.27
Cricetodon albanensis 2.45 2.65 2.86 50 1.90 2.06 2.23 50 1.29
Cricetodon aureus 2.50 2.61 2.65 17 1.91 2.03 2.21 17 1.29
Cricetodon klariankae 2.32 2.41 2.50 9 1.75 1.85 2.00 9 1.30
Cricetodon soriae 2.37 2.50 2.64 2.03 2.08 2.12 2 1.20
Cricetodon sansaniensis 2.39 2.65 3.00 20 1.81 2.02 2.20 20 1.31
Cricetodon albanensis 2.49 2.64 2.80 50 1.85 1.98 2.10 50 1.25
Cricetodon aureus  2.19 ? 2.77  7  1.75 ?  2.16 7 —
Species
M3
m1
m2
m3
M1
M2
Length Width
L/W
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CriCetodon froM the MIddle and late 
araGonIan of the calatayud-daroca 
basIn: a taxonoMIcal descrIptIon
6
“La formation de ces ectolophes est liée a un accroissement rapide de 
la taille de telle sorte qu’on pourrait être tenté de placer ces espèces 
au voisinage de C.sansaniensis, mais son origine à partir de C. 
cf. jotae paraît vraisemblable, aussi nous le considérons comme 
un groupe de la lignée moyenne ayant acquis secondairement une 
grande taille”
Pierre Mein & Mathijs Freudenthal
Resumen
Los yacimientos de fósiles del Aragoniense superior de la 
Cuenca de Calatayud-Daroca (Zaragoza, España) han propor-
cionado abundantes asociaciones de roedores; la mayoría de ellas 
contienen representantes de la tribu Cricetodontini. El presente 
estudio de las localidades de Mioceno medio de la Cuenca de 
Calatayud-Daroca muestra la presencia de dos especies diferentes: 
Cricetodon sansaniensis (presente en la biozona local F,  MN6, 
Aragoniense medio) y Cricetodon jotae (presente en las biozonas 
locales G1, G2 y parte de la G3, MN6-MN7/8, Aragoniense medio 
y superior). Los dieciocho yacimientos estudiados se han datado 
entre 13,76 Ma y ~12,57 Ma. Cricetodon sansaniensis tiene ectolofos 
poco desarrollados y ambos metalofúlidos, I y II, en el mismo m1, 
así como mesolofos y mesolófidos que, de acuerdo con las tendencias 
descritas para las especies de Cricetodontini, son rasgos basales. La 
descripción detallada de Cricetodon jotae ha permitido enmendar su 
diagnosis. Cricetodon jotae muestra una combinación de caractares 
basales (como el metalofúlido II) y caracteres derivados (como la 
ausencia de mesolofos; la presencia de ectolofos dobles; mesolófidos 
poco desarrollados o ausentes; ausencia de ectomesolófido y el 
anterolófido labial del m1 poco desarrollado o ausente). Este 
trabajo completa la revisión de las especies de Cricetodon presentes 
en Calatayud-Daroca.
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Abstract
Upper Aragonian fossil sites from the Calatayud-
Daroca Basin (Zaragoza, Spain) have yielded fairly large rodent 
assemblages; most of them contain representatives of the tribe 
Cricetodontini. The study of the localities from the middle Miocene 
of the Calatayud-Daroca Basin reveals that the fossils belong to 
two different species: Cricetodon sansaniensis (local biozone F, 
MN6, middle Aragonian) and Cricetodon jotae (local biozone G1, 
G2 and partly G3, MN6-MN7/8, middle-upper Aragonian). The 
age of the eighteen sites studied spans a time range from 13.76 
Ma to ~12.57 Ma. Cricetodon sansaniensis has weak ectolophs and 
both metalophulids, I and II, in the same m1, and mesolophs/ids 
that, according with the trends described for Cricetodontini, are 
basal traits. The emended diagnosis of C. jotae is also presented 
here. Cricetodon jotae displays a combination of basal character 
(metalophulid II) and derivate characters (absence of mesolophs; 
presence of double ectolophs; weak or absent mesolophids; absence 
of ectomesolophid and weak or absent labial anterolophid of the 
m1). This work completes the revision of the species of Cricetodon 
from the Calatayud-Daroca Basin.
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In the Calatayud-Daroca Basin the tribe Cricetodontini is represented by the genera Cricetodon and Hispanomys (Álvarez-Sierra et al., 2003; López-Guerrero et al., 2008, 2009, 2013a, 2013b). Details of the oldest species from the middle and late 
Aragonian (middle Miocene), are well known since Cricetodon soriae López Martínez et al., in: 
Hernández Fernández et al., 2006 was revised by López-Guerrero et al. (2013a), and the new 
species Cricetodon nievei López-Guerrero et al., 2014 has been recently described. However, since 
the works of Mein and Freudenthal (1971a), the material of the species from the late Aragonian 
has not been reviewed. Therefore, in order to complete the knowledge of the Cricetodontini from 
the Calatayud-Daroca basin, the taxonomical and morphometrical information has to be updated. 
Therefore, in this paper, the material of Cricetodon found in the earliest part of the late Aragonian 
from the Calatayud-Daroca Basin is described and discussed. It includes the study of new material 
belonging to this genus from eighteen sites, which has been assigned to two different species. 
These fossil localities cover the local biozones F, G1, G2 and the lower part of the G3 (Daams et 
al., 1999), correlated with MN6 and lower part of the MN7/8.
The study of the localities from the middle Miocene of the Calatayud-Daroca Basin reveals 
that the material belong to two different species: Cricetodon sansaniensis Lartet, 1951 (local biozone 
F, MN6, middle Aragonian) and Cricetodon jotae Mein and Freudenthal, 1971a (local biozone G1, 
G2 and partly G3, MN6-MN7/8, middle-upper Aragonian). 
Cricetodon sansaniensis was described in the French locality of Sansan and it is widespread 
across the central and southwestern European basins. This species has been related with C. aureus 
and C. albanensis by different authors (Mein and Freudenthal, 1971a; Maridet and Sen, 2012) 
due to its large size. Cricetodon sansaniensis was already cited as Cricetodon cf. sansaniensis in the 
Calatayud-Daroca Basin, in Armantes VI (Freudenthal, 1966; Mein and Freudenthal, 1971a). 
Since then, more fossils belonging to this species have been found in the Calatayud-Daroca Basin, 
which allows to improve the knowledgement of the morphological variability of this species in 
the basin.
Cricetodon jotae was described by Mein and Freudenthal (1971a). Theese authors refer to 
Freudenthal’s studies (1963 and 1966) for the metrical information and the comparison with 
other species is briefly discussed. Although it is a common and abundant species in the Calatayud-
Daroca Basin, detailed morphometric descriptions have been never provided in a systematic study. 
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Therefore, the main aims of this study are to characterize the representatives of Cricetodon 
from the late Aragonian through morphological and metrical analysis of the cheek teeth and to 
specify their stratigraphic distribution in the Calatayud-Daroca Basin. 
In the case of Cricetodon jotae, we also provide the morphological study of all the assemblages 
from the Calatayud-Daroca Basin, in order to know the intraspecific variability. Using this 
information, we have compared C. jotae with other representatives of the genus present in Europe 
and Asia Minor.
121
Cricetodon sansaniensis and C. jotae from the Calatayud-Daroca Basin 
MATERIAL & METHODS
We have studied 503 upper and lower molars belonging to 18 sites. Table 6.1 contains all the information about the different localities studied. Within the total sample, 89 specimens from five localities belong to C. sansaniensis Lartet, 
1851 and the other 414 molars correspond to C. jotae Mein and Freudenthal, 1971a, recovered 
from 13 localities (Table 6.1). We observed directly the material of several species summarized in 
table 6.2. The information about the other species of Cricetodontini from the Calatayud-Daroca 
Basin has been found in López-Guerrero et al. (2008, 2009, 2013a, 2014). The numerical ages of 
the localities are after Daams et al. (1999) and Van Dam et al. (2006) and Van Dam et al (in prep.). 
The nomenclature used is the one modified by López-Guerrero et al. (2013a). Length and width 
measurements for each specimen were taken (in mm) using a Nikon Measuroscope 10 microscope 
with digital micrometer, following the procedure suggested by López-Guerrero et al. (2013a). 
Tables 6.3 and 6.4 summarize the descriptive statistics for each locality. Figure 6.1 shows length 
and width scatter-diagrams of C. sansaniensis and the species with similar size (C. klariankae Hír, 
2007; C. engesseri Rummel and Kälin, 2003; C. cariensis Sen and Ünay, 1979; C. aureus Mein and 
Freudenthal, 1971b; and C. albanensis Mein and Freudenthal, 1971a). Length and width scatter-
diagrams for C. jotae and the species with similar size (C. meini Freudenthal, 1963 and C. bolligeri, 
Rummel, 1995) are presented in figure 6.2. The photographs from figures 6.3 and 6.4 were taken 
with an environmental Scanning Electron Microscope FEI Quanta 200 at the Museo Nacional 
de Ciencias Naturales-CSIC, Madrid (Spain) except for those from ARM7 and VT2C, taken 
with a digital camera attached to a Leica Microscope at Naturalis Biodiversity Center, Leiden 
(The Netherlands).
Institutional Abbreviations—BSPG, Bayerische Staatssammlung für Paläontologie und 
Geologie, Munich (Germany); IAUU, Instituut voor Aardwetenschappen, Utrecht University (The 
Netherlands); MNCN, Museo Nacional de Ciencias Naturales-CSIC, Madrid (Spain); NHNB, 
Muséum d’Histoire Naturelle de Bâle (Switzerland); PM, Pásztó Múzeum, Pásztó (Hungary); 
RGM, Naturalis Biodiversity Center, former Rijksmuseum van Geologie en Mineralogie, Leiden 
(The Netherlands); UCM, Facultad de Geología, Universidad Complutense de Madrid (Spain).
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TABLE 6.1. Studied material of Cricetodon sansaniensis and C. jotae from the Calatayud-Daroca Basin. Numerical ages 
of the localities after Van Dam et al. (2006), localities, abbreviations for the localities, and institutions where the fossils 
are stored (see institutional abbreviations). Abbreviations: Abb, abbreviations for the localities; N, number of specimens.
TABLE 6.2. Information of the material 
directly studied for comparisons (see institu-
tional abbreviations).
Locality Abb. Collections M1 M2 M3 m1 m2 m3 N
Age (Ma)
13.68 Valalto 2C VT2C RGM 3 5 5 3 — 4 20
13.70 Valalto 2B VT2B RGM — — — 2 1 3 6
Armantes 7 ARM7 IAUU 5 3 5 1 1 2 17
13.75 Las Umbrías 21 LUM21 MNCN 8 8 4 5 4 5 34
13.76 Las Umbrías 22 LUM22 MNCN — 2 2 3 2 3 12
Total 16 18 16 14 8 17 89
Toril 1 TOR1 RGM 4 4 4 3 3 3 21
Alcocer 3 AC3 RGM — 2 — 2 — — 4
Alcocer 2 AC2 RGM — — — 4 4 3 11
Alcocer 1 AC1 RGM 1 — 1 — 1 — 3
Villafeliche 9 VL9 RGM 1 2 2 2 3 2 12
Arroyo del Val VI ARV6 IAUU 19 10 15 19 24 22 109
13.08 Las Planas 5K LP5K RGM 3 5 1 5 2 — 16
13.16 Las Planas 5L LP5L RGM — 2 — 3 — 1 6
Borjas BOR RGM 6 4 2 5 4 3 24
Manchones MAN IAUU/RGM 30 33 20 37 35 30 185
Valalto 1 VT1 MNCN/RGM 1 — — 1 1 2 5
13.55 Las Planas 5C LP5C MNCN 3 2 2 3 2 — 12
13.56 Las Planas 5B LP5B RGM 3 1 — — — 2 6
Total 71 65 47 84 79 68 414
Cricetodon sansaniensis
Cricetodon jotae
Species Type locality Institution
C. soriae Somosaguas (Spain) UCM
C. bolligeri Petersbuch 10 (Germany) BSPG
‘C’. fandli Gratkorn (Austria) BSPG
C. sansaniensis Sansan (France) MHNB
C. aureus Vieux-Collonges (France) RGM
C. meini Vieux-Collonges (France) RGM
C. albanensis La Grive-Saint Alban (France) RGM
‘C’. klariankae Felsótárkány-Felnémet PM
C. jotae Manchones (Spain) IAUU
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SYSTEMATIC PALEONTOLOGY
Order RODENTIA Bowdich, 1821
Family CRICETIDAE Fischer, 1817
Subfamily CRICETODONTINAE Stehlin and Schaub, 1951
Tribe CRICETODONTINI Simpson, 1945
Genus CRICETODON Lartet, 1851
CRICETODON SANSANIENSIS Lartet, 1851
(Figs 6.1; 6.3; Tables 6.1–6.3)
Material
Original Type Locality—Sansan, France, (MN6, middle Miocene)
Stratigraphic Range in the Calatayud-Daroca Basin—local biozone F (MN6, upper 
Aragonian, middle Miocene).
Geographical Range—central and southwestern Europe.
Diagnosis
Emended diagnosis (Maridet and Sen, 2012: 30)— “Large-sized Cricetodon; M1 with an 
anterocone either undivided or divided at its top, but complete on the 3/4 of the crown height. 
In M1, ectolophs are absent in half of the specimens, weakly developed on the posterior surface 
of the anterocone and/or paracone in the other half of the specimens. The mesocone presents a 
triangular shape with a short mesoloph in 1/4 of the M1s, slightly more frequent in M2 and M3. 
The anterior surface of both the paracone and the metacone are notched by a vertical groove. The 
m1 has an undivided anteroconid; the metaconid has a posterior metalophulid in more than half 
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of the specimens, double or only anterior for the other specimens. Mesolophid absent or rare in 
m1, more frequent in m2 and m3, but always short. M1 with four roots, and m2 with 2 roots, with 
the posterior one either with a double pulp cavity or divided at its extremity for about half of the 
specimens.”.
CRICETODON SANSANIENSIS FROM THE CALATAYUD-DAROCA BASIN
Description of the Studied Material
M1—This molar has four roots. A shallow groove on the anterior wall divides the anterocone 
in two parts, but not covering the entire height of the cusp (Fig. 6.3.A; 6.3.D). The anterolophule 
is disconnected in two teeth from ARM7 (Fig. 6.3.A). The protolophule is posteriorly directed; 
it is anterior in two specimens (1/5 in LUM21 and 1/5 in ARM7); it is present but disconnected 
in one specimen from LUM21. The anterior ectoloph is frequently absent (2/3 in VT2C; 3/4 in 
LUM21, and 2/4 in ARM7); it is composed by the posterior ectoloph of the anterocone (Fig. 
6.3.A) in all teeth but one from VT2C, which is double, composed by the posterior ectoloph of 
the anterocone and the anterior ectoloph of the paracone. The anterior ectoloph is never complete. 
The posterior ectoloph is frequent (Fig. 6.3.D); it is absent only in LUM21 (1/4). It is always 
composed by the posterior ectoloph of the paracone, and never complete. The mesoloph is mostly 
absent (Fig. 6.3.A); it is short (1/2 in VT2C and 1/4 in ARM7; Fig. 6.3.D) or reduced to an 
enlargement of the enamel, called incipient, (3/4 in ARM7 and 3/4 in LUM21). The anterosinus 
is open in one specimen from LUM21; closed by a cingulum (4/4 in ARM7; 3/4 in LUM21 
and 1/3 in VT2C; Fig. 6.3.A; 6.3.D) or by a style (2/3 in VT2C). The mesosinus is open (1/4 
in LUM21) or blocked by a cingulum (Fig. 6.3.A; 6.3.D). The sinus can be either open (3/4 in 
LUM21; 1/4 in ARM7; Fig. 6.3.D), closed by a cingulum (1/2 in VT2C; 1/4 in ARM7 and 1/4 
in LUM21; Fig. 6.3.A) or blocked by a style (1/4 in ARM7 and 1/2 in VT2C).
M2—The anterior ectoloph is reduced (Fig. 6.3.E; 6.3.G) and, generally, lower than the 
anteroloph; it can be absent (1/3 in ARM7). The posterior ectoloph is composed by the posterior 
ectoloph of the paracone and it is not complete (Fig. 6.3.E; 6.3.G); it is rarely absent (1/2 in 
LUM22 and 1/3 in ARM7). The mesoloph is mostly absent (Fig. 4.3.E; 4.3.G); it can be short 
(1/4 in VT2C) or incipient (2/6 in LUM21 and 1/4 in VT2C). The labial posteroloph is always 
present and the lingual posteroloph is absent in LUM22 and in VT2C (1/4). The anterosinus is 
always closed by a cingulum. The protosinus is weak but distinguishable in 1/7 in LUM21 (Fig. 
6.3.G). The mesosinus, which is well developed, can be open (1/2 in LUM22; 2/6 in LUM21, and 
3/3 in ARM7) or closed by a cingulum (4/4 in VT2C, 1/2 in LUM22 and 4/6 in LUM21; Fig. 
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6.3.E; 6.3.G). The sinus can be open (3/4 in VT2C; 1/2 in LUM22; 2/6 in LUM21, and 1/2 in 
ARM7; Fig. 6.3.E; 6.3.G) or closed, either by a cingulum (1/2 in LUM22; 4/6 in LUM21, and 
1/2 in ARM7) or by a style (1/4 in VT2C).
M3—Both labial and lingual anterolophs are present, but the lingual branch is weaker than 
the labial one (Fig. 6.3.C; 6.3.F; 6.3.H). The anterior ectoloph is absent (Fig. 6.3.C; 6.3.F; 6.3.H). 
All specimens except for 2/4 from ARM7 have a posterior ectoloph; it is formed by the posterior 
ectoloph of the paracone (2/4 ARM7; 1/3 in LUM21; 2/2 in LUM22, and 2/4 in VT2C; Fig. 
6.3.C; 6.3.F; 6.3.H). The posterior ectoloph is composed by both the posterior ectoloph of the 
paracone and the anterior ectoloph of the metacone in some cases (1/4 in LUM21 and 2/4 in 
VT2C); it is absent in two out of four specimens from ARM7. The posterior ectoloph is complete 
in two molars (1/4 in VT2C and 1/4 in LUM21). Most of the specimens have a mesoloph; it is 
absent in two teeth (1/5 in VT2C and 1/2 in LUM22). The length of the mesoloph is variable; 
it can be short (1/5 in VT2C and 3/4 in ARM7; Fig. 6.3.H), about half the distance between 
longitudinal ridge and labial border (3/5 in VT2C; 2/4 in LUM21, and 1/4 in ARM7; Fig. 6.3.C), 
or reaching the labial border (1/2 in LUM22 and 2/4 in LUM21; Fig. 6.3.F). An the enamel-
coated valley can be present (1/4 in VT2C; 1/2 in LUM22 and 2/4 in LUM21). The axioloph is 
disconnected (2/3 in VT2C) or continuous (Fig. 6.3.C; 6.3.F; 6.3.H). The labial posteroloph is 
well developed but short and it is never connected to the metalophule or the metacone (Fig. 6.3.C; 
6.3.F; 6.3.H); it is absent in 2/4 specimens from LUM21.
m1—Only the metalophulid I is found in some specimens (1/2 in LUM2; 1/3 in LUM22; 
Fig. 6.3.I; 6.3.L); both metalophulids, I and II, are present together in the remaining teeth. The 
metalophulid I is incomplete in one case (LUM21; Fig. 6.3.I). The mesolophid is rare; only three 
teeth from LUM21 have one; they are incipient (Fig. 6.3.I), short and medium, respectively. The 
ectomesolophid is present in one specimen from LUM22. The entoconid spur and the labial 
posterolophid are absent. The mesosinusid can be open or blocked; it is closed by a low cingular 
ridge (1/2 in VT2C and 1/3 in LUM22; Fig. 6.3.I) or by a stylid (1/2 in VT2B). The sinusid is 
blocked by a cingular ridge (2/2 in VT2C; 1/2 in VT2B; in ARM7 and 2/3 in LUM21) or it 
remains open (Fig. 6.3.I; 6.3.L). The posterosinusid is blocked by a cingular ridge in one specimen 
(1/2 in VT2B); it is open in the rest of the teeth.
m2—The labial branch of the anterolophid is well developed and it reaches the protoconid 
(Fig. 6.3.J; 6.3.M). Only the tooth from ARM7 possesses a lingual anterolophid. A short 
mesolophid (Fig. 6.3.J; 6.3.M) is usually present; it is absent in one tooth. In some specimens 
(4/5 in LUM21), the mesolophid is curved and projected towards the metaconid, reaching it. 
One fossil from LUM22 shows an ectomesolophid (Fig. 6.3.J). There is no anterosinusid and the 
mesosinusid is always blocked by a cingular ridge. The sinusid is blocked by a cingulid; in one out 
of four teeth from LUM21 this cingular ridge is split in two crests. The lingual posterosinusid is 
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open (2/2 in LUM22 and 2/4 in LUM21), blocked by a cingular ridge (2/4 in LUM21), or by the 
joint of the lingual posterolophid and the entoconid (1/1 in ARM7).
m3—The labial branch of the anterolophid is long and it reaches the protoconid (Fig. 6.3.K; 
6.3.N). The lingual branch of the anterolophid is present in two out of four molars from LUM21. 
The mesolophid can be short (1/4 in VT2C; 1/3 in VT2B; 1/2 in LUM22; 3/5 in LUM21, and 
2/2 in ARM7; Fig. 6.3.N) or have medium length (2/4 in VT2C; 1/2 in LUM22, and 1/5 in 
LUM21; Fig. 6.3.K). In two fossils (1/3 in VT2B and 1/5 in LUM21) the mesolophid is double 
and short. In one tooth (1/3 in LUM22) it is connected with the metaconid, being absent in 
the remaining specimens (1/4 in VT2C and 1/3 in VT2B). The lingual posterolophid can be 
constricted behind the hypoconid (Fig 6.3.K); its lingual part is cuspidate and displays a weak 
valley on the posterior wall. The sinusid is blocked, in most cases, by a low cingular ridge or by 
a stylid (1/2 in VT2B); it remains open in two specimens (1/2 in VT2B and 1/2 in LUM21; 
Fig 6.3.K; 6.3.N). The mesosinusid is open or blocked by a low cingular ridge. A cingulid is also 
present at the end of the lingual posterosinusid (1/2 in LUM22 and 1/4 in LUM21). The lingual 
posterolophid projects towards the entoconid, in some teeth (2/2 in VT2C; 2/2 in VT2B; 2/2 in 
ARM7, and 1/4 in LUM21). In the remaining specimens (1/2 in LUM22 and 2/4 in LUM21), 
the lingual posterosinusid is open (Fig. 6.3.K; 6.3.N).
Discussion
The described specimens fit within the size range of Cricetodon sansaniensis Lartet, 1851 (Fig. 
6.1), one of the largest species of Cricetodon recovered until now. However, the measurements of 
the m1 are slightly smaller than the mean value of those from Sansan (Fig. 6.1). The incompletely 
divided anterocone, the presence of anterior ectoloph, the labially curved anterior ectoloph, and the 
poorly developed or absent posterior ectoloph on the M1 are characteristic traits of C. sansaniensis 
from Sansan (Baudelot, 1972; Maridet and Sen, 2012). These characters are also found in the 
studied fossils. In addition, the large mesoloph of the M3 and the presence of metalophulid I 
and II together in the m1 are features commonly found in the specimens from Sansan (Baudelot, 
1972; Maridet and Sen, 2012) and also present in the Calatayud-Daroca Basin. The studied 
material has no lingual spur of the anterolophule, neither two crests at the edge of the anterosinus 
and mesosinus of the M1, and the material from Sansan has both structures. Apart from that, 
one of the m1 from LUM22 displays ectomesolophid, whereas this feature is shown by 11 out of 
29 specimens from Sansan (Maridet and Sen, 2012); nevertheless, the relative frequency of this 
character in both areas cannot be compared due to the small sample size of the assemblages from 
Calatayud-Daroca with respect to that from Sansan. 
Part of the studied material were already cited in the Calatayud-Daroca Basin, that from 
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ARM7 as Cricetodon cf. sansaniensis in Freudenthal (1966) and Mein and Freudenthal (1971a), and 
the molars from VT2C and VT2B as Cricetodon sp. in Daams and Freudenthal (1981). The fossils 
from LUM21 and LUM22 are described and assigned for the first time. Cricetodon sansaniensis 
is widespread across the central and southwestern European basins. Apart from Sansan and the 
localities of the present study, it has recorded in another five fossil sites (Bolliger, 1994; Sach, 1999; 
Ginsburg and Bulot, 2000; Kälin and Kempf, 2009). Besides, Cricetodon cf. sansaniensis has been 
reported 12 times in the literature, although some of them might be not refer to C. sansaniensis 
(García Moreno, 1988; Bolliger, 1994; Sach, 1999; Ginsburg and Bulot, 2000; Rummel, 2000; 
Rummel and Kälin, 2003; Seehuber, 2008; Kälin and Kempf, 2009). Apart from Niderwis, C. 
sansaniensis is recorded in other Swiss localities from the local biozone Öschgraben ranging from 
14.2 Ma to 14.1 Ma (Kälin and Kempf, 2009); therefore, the youngest known record is from 
Switzerland. The latest known record of the species is uncertain. The assignment to C. sansaniensis 
of the fossils described by García Moreno (1988) in the Megacricetodon lopezae zone from the 
Duero Basin (~local biozone G in Calatayud-Daroca Basin) is questionable and the specimens are 
under revision. Not considering the Duero record, the youngest occurrence is in the Calatayud-
Daroca Basin, in which C. sansaniensis is present in the biozone F, between 13.76 Ma and 13.68 
Ma (Van Dam et al., 2006; Daams et al., 1999). 
Cricetodon sansaniensis from the Calatayud-Daroca Basin has some character states (such 
as weak ectolophs and both metalophulids, I and II, on the same m1, and mesolophs/ids) which 
places it among the basal representatives of the tribe according to the trends described for Criceto-
dontini (Agustí, 1982; De Bruijn et al., 1993; Hír, 2007; Maridet and Sen, 2012).
Due to its large size, Cricetodon sansaniensis has been included by some authors (Mein and 
Freudenthal, 1971a; Maridet and Sen, 2012) in the anagenetic linage C. aureus-C. sansaniensis-C. 
albanensis. According to Mein and Freudenthal (1971a), Cricetodon sansaniensis has been considered 
the descendant of C. aureus because it possess more developed ectolophs and has metalophulids I 
more frequently. Agustí (1982) proposed C. sansaniensis from ARM7 as the ancestor of Hispanomys 
lavocati from the Vallès-Penedès Basin (named by this author as Cricetodon (Pararuscinomys) 
lavocati). He supported his hypothesis in the large size of both species, but since then, many other 
large-sized species of Cricetodontini (such as Cricetodon soriae and Cricetodon engesseri) have been 
described and they have to be taken into consideration in any further phylogenetic analysis.
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FIGURE 6.1. Length/Width scatter-diagram of the cheek teeth of several large-sized species of Cricetodon. Doted 
circles denote the range of C. sansaniensis from Calatayud-Daroca and dashed lines indicate the maximum and mini-
mum values of the compared species in its type localities. Source of data: Mein and Freudenthal, 1971a (C. albanensis), 
1971b (C. aureus); Sen and Ünay, 1979 (C. cariensis); Rummel and Kälin, 2003 (C. engesseri); Sen and Maridet, 2012 
(C. sansaniensis).
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FIGURE 6.2. Cricetodon sansaniensis from Calatayud-Daroca. Upper molars. Armantes 7: A, inverted right M1, AR7 
(58)-542; A, left M3, AR7 (58)-531. Valalto 2C: C, inverted right M3, RGM-266419. Las Umbrías 21: D, inverted 
right M1, LUM21-179; E, inverted right M2, LUM21-156; F, inverted right M3, LUM21-69. Las Umbrías 22: G, 
inverted right M2, LUM22-115; H, inverted right M3, LUM22-116. Lower molars: Las Umbrías 21: I, left m1, 
LUM21-161; J, inverted right m2, LUM21-164; K, left m3, LUM21-166. Las Umbrías 22: L, inverted right m1, 
LUM22-120; M, inverted right m2, LUM22-122; N, left m3, LUM22-124.
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CRICETODON JOTAE Mein and Freudenthal, 1971
(Figs 6.2–6.3; Tables 6.1–6.3)
Material
Original Type Locality—Manchones, Calatayud-Daroca Basin, Spain, local biozone G2, 
(MN6 upper Aragonian, middle Miocene)
Stratigraphic Range in the Calatayud-Daroca Basin—local biozone G1-local biozone 
G3 (MN6-MN7/8, upper Aragonian, middle Miocene).
Geographical Range—Southwestern Europe.
Diagnosis
Original Diagnosis (Mein and Freudenthal, 1971a:18, translated from French) 
—“[Bigger than C. meini; the posterior metalophulid is less frequent than in C. meini, the anterior 
metalophulid, however, is more frequent; the ectolophs are better developed, but none of them 
form a complete connection]”.
Emended Diagnosis—The upper molars show poor development of the mesolophs and 
posterolophs. The anterior ectoloph of the M1 can be composed by the anterior ectoloph of the 
paracone or by the posterior ectoloph of the anterocone. The M1 always has a posterior ectoloph, 
composed by the posterior ectoloph of the paracone, by the anterior ectoloph of the metacone, 
or by both. The ectolophs are not complete. The lingual posteroloph is common, but short. The 
main valleys are frequently blocked by cingula and styles. The lower molars have short or absent 
mesolophids, ectomesolophids and lingual anterolophids. Most of the m1 display a metalophulid 
I and a metalophulid II together in the same specimen, but some m1 have only a metalophulid I 
or a metalophulid II. The m2 possess two or three roots; the posterior root can be either partially 
or completely split.
Differential Diagnosis—Differs from C. caucasicus Argyropulo, 1938; C. versteegi De 
Bruijn et al., 1993; C. tobieni De Bruijn et al., 1993; C. aliveriensis Klein Hofmeijer and De Bruijn, 
1988 and C. kasapligili De Bruijn et al., 1993 in the larger size of all elements. Apart from that, C. 
caucasicus has a non-divided anterocone; C. versteegi backwards directed sinusids; C. tobieni and C. 
aliveriensis more developed anterolophs on the M2 and C. kasapligili does not have metalophulid 
I in the m1.
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Differs from C. engesseri Rummel and Kälin, 2003; C. soriae López Martínez et al. in 
Hernández Fernández et al., 2006; C. hungaricus (Kordos, 1986); C. jumaensis Rummel, 2001; 
‘Cricetodon’ klariankae Hír, 2007; C. albanensis Mein and Freudenthal, 1971a; C. sansaniensis 
Lartet, 1851 and C. aureus Mein and Freudenthal, 1971b in the smaller size of all elements. 
Additionally, C. engesseri possess a developed posterolophid on the M3; Cricetodon albanensis does 
not have metalophulid II; C. jumaensis and C. sansaniensis display a more basal pattern on the m3, 
with larger mesolophids. ‘Cricetodon’ klariankae was originally ascribed to Cricetodon but recently 
its generic assignation was questioned (Prieto et al., 2014); it possesses a posterior ectoloph of the 
M1 mostly double and it is complete. Cricetodon aureus has metalophulids II without metalophulid 
I more frequently than C. jotae.
Differs from C. pasalarensis (Tobien, 1978) in: anterocone divided by a groove that cover the 
entire height of the crown; presence of anterior ectoloph; absence of roughness on the basis of the 
hypocone and the absence of lingual anterolophid in the m3. Differs from C. candirensis (Tobien, 
1978); C. cariensis (Sen and Ünay, 1979) and ‘Cricetodon’ fandli Prieto et al., 2010 in: ectolophs not 
complete; absence of enamel coated valley; presence of non-interrupted metalophulid I. Differs 
from C. bolligeri Rummel, 1995 in: absence of ectomesolophid and thick stylids on the m1; 
anterolophule always connected to the anteroconid on the m1 and the poor development of the 
mesolophid on the m3. Differs from C. meini Freudenthal, 1963 in: absence of neo-entoloph and 
less-developed mesoloph on the M3. Differs from C. wanhei Qiu, 2010 in: absence of neo-entoloph 
on the M3; forwards directed hypolophulid on the m1. Differs from C. volkeri Wu et al., 2009 in: 
absence of labial spur of the anterolophule; anterocone well divided and short posteroloph on the 
M1; absence of neo-entoloph on the M3.
CRICETODON JOTAE FROM THE CALATAYUD-DAROCA BASIN
Description of the Type Locality MAN
M1—This molar has four roots. The anterocone shows a furrow which reaches the base of 
the crown (Fig. 6.4.A; 6.4.D). A posterior protolophule connects the paracone with the posterior 
branch of the protocone. The anterior ectoloph is frequent (21/27); it is formed by the anterior 
ectoloph of the paracone in one tooth or by the posterior ectoloph of the anterocone (20/27; Fig. 
6.4.A; 6.4.D). One specimen has a well-developed anterior ectoloph reaching the paracone. All 
the fossils have posterior ectoloph; the posterior spur of the paracone is always present (Fig. 6.4.A; 
6.4.D) and in three out of 29 cases it is associated with the anterior spur of the metacone. None 
of the fossils have the posterior ectoloph complete. The mesoloph is short (9/23), highly reduced 
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(6/23; Fig. 6.4.D) or absent (8/23; Fig. 6.4.A). A ridge-like structure is developed in the anterior 
wall of the protocone (14/24); it is absent in the remaining specimens (Fig. 6.4.A; 6.4.D). The 
labial posteroloph is quite thin but well delimited; it can be absent (4/27). Most molars possess 
a lingual posteroloph (18/27; Fig. 6.4.D). The anterosinus is closed by a cingulum (20/24), being 
low in one tooth (Fig. 6.4.A; 6.4.D), and remaining open in three specimens. The mesosinus is 
blocked by a cingulum (17/23; Fig. 6.4.A; 6.4.D), by a low cingulum (2/23) or it is open (4/23). 
Several specimens display an open sinus (18/24; Fig. 6.4.A; 6.4.D); it is closed by a cingulum 
(5/24) or by two crests (1/24). The protosinus can be blocked by a style (5/28) or by a cingulum 
(22/28) and it remains open in one specimen.
M2—The anterior ectoloph is reduced and generally lower than the anteroloph; it is absent 
in 12 out of 31 teeth (Fig. 6.4.B; 6.4.E). The posterior ectoloph is always present; it is simple and 
not connected to the metacone (Fig. 6.4.B; 6.4.E). The mesoloph is frequently absent (17/28; 
Fig. 6.4.B; 6.4.E), but it can be incipient (11/28). The protocone bears a spine in most molars 
(18/20). The ectomesoloph is found in only one out of eleven cases. The labial posteroloph is 
common (26/27; Fig. 6.4.B; 6.4.E), as well as the lingual posteroloph (18/23; Fig. 6.4.E). The 
well-developed mesosinus is closed by a cingulum in 21 out of 25 specimens (Fig. 6.4.B; 6.4.E); it 
is open in four. The sinus is be open in 23 out of 33 specimens (Fig. 6.4.B; 6.4.E). The protosinus 
is always weak but distinguishable (Fig. 6.4.B; 6.4.E).
M3—It has reduced hypocone. The lingual anteroloph is distinguishable but weak in 13 
out of 18 cases (Fig. 6.4.C ). A well-developed labial anteroloph is displayed in 15/18 molars. The 
anterior ectoloph is absent. The posterior ectoloph is always present; it is formed by both posterior 
ectoloph of the paracone and anterior ectoloph of the metacone (9/16; Fig. 6.4.C) or only by the 
posterior ectoloph of the paracone (Fig. 6.4.F). In six specimens the posterior ectoloph is complete 
(Fig. 6.4.C). Six out of nine teeth have mesoloph; it is short in five teeth and long, reaching the 
labial border, in one. The axioloph is continuous. Most M3 possess a posteroloph (14/18); it is 
usually weak and short (Fig. 6.4.F), and ends free. The sinus is long, curved and mostly directed 
forwards, although it is transversal in one specimen.
m1—The labial anterolophid is a well-developed ridge displayed by most m1 (30/33); it can 
be connected to the protoconid (10/33), or not (20/33; Fig. 6.4.J). Metalophulid I is found in eight 
out of 37 teeth, and metalophulid II in five. Twenty-three out of 37 specimens show both metalo-
phulids, I and II (Fig. 6.4.J). Only one incipient mesolophid is observed. The entomesolophid is 
barely present (2/23); one of them is incipient and the other one is a long crest. Some protoconids 
bear a spur. The entoconid spur and the labial posterolophid are absent. The hypolophulid is 
directed forwards (Fig. 6.4.J). The mesosinusid is closed by a cingular ridge (11/35), by a stylid 
(1/35), or it remains open (23/35; Fig. 6.4.J). The sinusid is wide and short and it is slightly directed 
forwards (Fig. 6.4.J); it can be blocked by a low cingular ridge (26/34), by two crests attached to 
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the hypoconid and the protoconid (3/34), or by a stylid (2/34). The sinusid remains open in three 
teeth. The posterosinusid is blocked by a cingular ridge (4/27) or it is open (Fig. 6.4.J).
m2—This molar shows two (3/9) or three roots (4/9), the posterior one being partially split 
in two out of four specimens, and completely split in the other two. The lingual anterolophid is 
found in only three teeth (3/31); it is short and does not reach the metaconid in two of them. 
The mesolophid is present in 20 out of 33 fossils and it is mostly short (13/20; Fig. 6.4.K); it can 
be curved and projected towards the metaconid, reaching it in two out of twenty specimens. A 
short and isolated crest is placed near the mesolophid in five out of twenty molars. There is no 
anterosinusid and the mesosinusid is blocked by a cingular ridge (9/32) or it remains open (Fig. 
6.4.K). In most of the teeth, the sinusid is closed by a cingulid (19/31); it can be blocked by two 
crests attached to the hypoconid and the protoconid (2/31), by a stylid (1/31), or it can remain 
open (9/31; Fig. 6.4.K). The lingual posterosinusid can be blocked by a cingular ridge (5/25) or 
the lingual posterolophid can be directly connected to the entoconid (7/25); it is open in 13 out 
of 25 specimens (Fig. 6.4.K).
m3—The labial branch of the anterolophid is long and it reaches the protoconid (25/27). In 
two teeth the anterolophid is extended through the basis of the protoconid towards the sinusid. 
The lingual branch of the anterolophid is mostly absent (Fig. 6.4.L); two out of ten specimens 
have it, but without reaching the metaconid. The mesolophid is barely present (8/28; Fig. 6.4.L); it 
is short (7/ 28) or long (1/28), but it does not exceed the half length of the mesosinusid (medium). 
The lingual posterolophid is large and extends towards the entoconid. The anteriorly directed 
hypolophulid is connected to the anterior branch of the hypoconid (Fig. 6.4.L). The sinusid is open 
(17/27) or blocked by a cingulum (10/27; Fig. 6.4.L). The mesosinusid is mostly open (27/29), but 
it is closed by a cingulum in two teeth. The lingual posterosinusid is open (20/28; Fig. 6.4.L) or 
blocked by the lingual posterolophid that projects towards the entoconid closing it.
Cricetodon jotae from other sites in the Calatayud-Daroca Basin.
Cricetodon jotae is a species commonly present in the Calatayud-Daroca Basin but despite 
the abundance of fossils of this species, detailed morphometric descriptions have been never 
presented in a systematic study. Here we offer the morphology of the rest of the assemblages of 
C. jotae found in the Calatayud-Daroca Basin in order to know all the intraspecifical variability of 
the species. The fossils of C. jotae are homogeneous in morphology and size (Fig 6.2; Table 6.4). 
However, there is certain degree of variability in several features that are absent in the type locality, 
which are the following grouped by element:
M1—The anterior ectoloph is composed by the posterior ectoloph of the anterocone and 
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the anterior ectoloph of the paracone in ARV6 (2/15). Three localities have molars without a 
posterior ectoloph of the paracone: BOR (1/5), ARV6 (8/17) and TOR1 (1/4). A labial spur of the 
anterolophule is shown in LP5B (1/2) and TOR1 (1/3). The mesoloph is short in all the localities 
except for LP5K, where it can be long (1/2). A style is present at the edge of the mesosinus in 
BOR (2/5), ARV6 (1/17) and TOR1 (1/3), and at the sinus in BOR (1/5), LP5K (1/2), ARV6 
(4/6), VILL9, ALC1 and TOR1 (1/3). The protosinus is blocked by two crests in LP5K (1/2) and 
ARV6 (1/16).
M2— The posterior ectoloph is absent in BOR (1/3) and ALC3, and a style is blocking the 
mesosinus in LP5C (1/2).
M3—The posterior ectoloph of the paracone is absent in a specimen from ARV6 (1/13). 
The mesoloph exceeds the half of the length of the mesosinus, but it does not reach the labial 
border in ARV6 (2/13). The mesoloph and ectoloph can be connected in BOR (1/2), and the 
neo-entoloph is found in ARV6 (1/13) and in the only M3 from ALC1.
m1—The lingual anterolophid is present and reaches the metaconid in LP5K (1/4), ARV6 
(1/15), and ALC3. The mesolophid is short in specimens from BOR (1/4), ALC2 (2/3) and 
TOR1 (1/2).
m2—The labial anterolophid is short or absent in two out of twenty m2 from ARV6; rarely, 
the mesolophid exceeds the half of the length of the mesosinusid, but without reaching the labial 
border, in ARV6 (2/21); the entomesolophid is present but incipient in ARV6 (2/21) and VILL9 
(1/4). The sinusid is closed by a stylid and a crest attached to the hypoconid in ARV6 (1/20).
m3—The lingual anterolophid is present in one out of 17 cases from ARV6. The mesolophid 
is connected to the metaconid in ARV6 (1/20) and is double in BOR (1/20). The sinusid is closed 
by a cingulid in LP5B (1/2), BOR (1/2), LP5L, ARV6 (1/19) and in ALC2 (1/2); closed by two 
crests in ARV6 (1/19) and in VILL9 (1/2); and a stylid is shown in ARV6 (1/19) and in TOR1 
(1/3).
The scatter-diagrams (Fig. 6.2) show a large overlap in the distributions of the measurements 
among the studied sites, suggesting a similar size of the fossils of Cricetodon jotae in the Calatayud-
Daroca Basin.
Discussion
Cricetodon from Manchones was firstly described by Freudenthal (1963) as Cricetodon meini. 
A few years later, in 1966, he improved this study providing new measurements and descriptions 
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of the fossils from that locality. The last study of the type assemblage is presented in the revision 
of the rodent faunas of the Cenozoic made by Mein and Freudenthal (1971a). They described a 
new species, C. jotae Mein and Freudenthal, 1971a in the material from Manchones and Arroyo 
de Val 6. The authors refer to Freudenthal´s studies (1963 and 1966) for the metrical information 
and the comparison with other species is shortly described.
Outside the Calatayud-Daroca Basin, Cricetodon jotae is also registered in two Portuguese 
localities, Povóa do Santarem and Chloes (MN6; Antunes and Mein, 1977), as well as in the 
French locality of La Grive L7 (MN7; Mein and Freudenthal, 1971a). It is nowhere else recorded, 
thus the geographical range of C. jotae is restricted to the southwestern Europe.
Morphologically, Cricetodon jotae displays characters, such as the metalophulid II, which 
are considered basal for the tribe Cricetodontini (Mein and Freudenthal., 1971a), and also has 
features such as: absence of mesolophs; presence of double ectolophs; low-developed or absent 
mesolophids; absence of ectomesolophid and weak or absent labial anterolophid of the m1, 
defined as derived by many authors (Agustí, 1982; López-Antoñanzas and Mein, 2009). This 
mosaic distribution of the characters, combining derived and basal traits, was described in other 
species of Cricetodontini from the late Aragonian like Hispanomys aguirrei (Sesé Benito, 1977) 
and Cricetodon nievei López-Guerrero et al., 2014.
Only few authors have discussed the phylogenetic relationships of C. jotae. Mein and 
Freudenthal (1971a) suggested that C. jotae could be related with C. meini. The evolutionary trends 
that they described are: an increase of the hypsodonty and the development of the ectolophs. On 
the other hand, according to Agustí (1982), Hispanomys aguirrei could be the descendant of C. 
jotae, assuming a development which resulted in more-developed ectolophs, increased hypsodonty 
and the reduction of the cingular formations (Agustí, 1982). 
Due to the above referred mosaic-type morphology of C. jotae and H. aguirrei, it is difficult 
to establish their phylogenetic relationships. A cladistic analysis could be used to evaluate them, 
but it will be considered in chapter 8.
136
Chapter 6
M1
LENGTH
3.63.43.23.02.82.62.4
W
ID
TH
2.3
2.2
2.1
2.0
1.9
1.8
1.7
VT1
LP5K
LP5C
LP5B
BOR
ARV6
AL1
C. bolligeri      
C. meini
MAN
MAN (MEAN)
C. jotae     
m1
LENGTH
2.82.72.62.52.42.32.22.1
W
ID
TH
1.9
1.8
1.7
1.6
1.5
1.4
LP5L
LP5C
AL3
VL9
VT1
LP5B
BOR
ARV6
C. bolligeri      
C. meini
MAN
MAN (MEAN)
C. jotae     
LP5K
M2
LENGTH
2.72.62.52.42.32.22.12.0
W
ID
TH
2.2
2.1
2.0
1.9
1.8
1.7
1.6
LP5L
LP5C
VL9
BOR
ARV6
C. bolligeri      
C. meini
MAN
MAN (MEAN)
C. jotae     
LP5K
m2
LENGTH
2.82.72.62.52.42.32.22.1
W
ID
TH
2.1
2.0
1.9
1.8
1.7 AL2
LP5C
VL9
BOR
ARV6
C. bolligeri      
C. meini
MAN
MAN (MEAN)
C. jotae     
LP5K
M3
LENGTH
2.22.12.01.91.81.71.61.5
W
ID
TH
2.1
2.0
1.9
1.8
1.7
1.6
1.5
1.4
AL1
LP5C
VL9
BOR
ARV6
C. bolligeri      
C. meini
MAN
MAN (MEAN)
C. jotae     
LP5K
m3
LENGTH
2.72.62.52.42.32.22.12.01.9
W
ID
TH
2.0
1.9
1.8
1.7
1.6
LP5L
VL9
BOR
ARV6
C. bolligeri      
C. meini
MAN
MAN (MEAN)
C. jotae     
AL2
FIGURE 6.2. Length/Width scatter-diagram of the cheek teeth of Cricetodon jotae from Calatayud-Daroca (including 
all specimens), C. meini from Vieux-collonges and C. bolligeri from Petersbuch 10. Dashed lines indicate the maximum 
and minimum values of the compared species in its type localities. Source of data: Mein and Freudenthal, 1971b (C. 
meini), Rummel, 2001 (C. bolligeri).
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FIGURE. 6.4. Cricetodon jotae from Calatayud-Daroca. Upper molars. Manchones: A, inverted right M1, MA-2183; 
B, inverted right M2, MA-2199; C, left M3, MA-2213; D, inverted right M1, MA-2188; E, left M2, MA-2196; F, 
inverted right M3, MA-2220. Las Planas 5C: G, inverted right M1 LP5C-5; H, left M2, LP5C-8; I, inverted right M3, 
LP5C-11. Lower molars. Manchones: J, left m1, MA-2225; K, left m2, LP5C-2245; L, left m3, MA-2253. Las Planas 
5C: M, inverted right m1, LP5C-19; N, left m2, LP5C-15; O, inverted right m2, LP5C-16.
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After this comprehensive study, all the material of Cricetodon from the Calatayud-Daroca Basin has been definitively assigned at species level. Cricetodon sansaniensis was previously found in ARM7 and now is also recovered from other 
four localities. Similarly, eleven new ocurrences of C. jotae have been described. The metrical and 
morphological analysis allow us to clarify the doubtful assignation of the scarce material from 
ARM7 to C. sansaniensis, and to emend the diagnosis of C. jotae. Moreover, the increase of the 
sample size lets us to improve the comparison with the rest of the species of Cricetodon. 
Cricetodon sansaniensis from Calatayud-Daroca Basin has weak ectolophs and both metalo-
phulids, I and II, on the same m1, and mesolophs/ids that, according with the trends described 
for Cricetodontini, are basal traits. Cricetodon sansaniensis has been related with C. aureus and C. 
albanensis. However, we consider that this relationship has to be re-evaluated, since there are some 
species recently described (C. soriae and C. engesseri) that could be descendant of C. sansaniensis 
as well.
Regarding C. jotae, we observe a combination of basal character (metalophulid II) and 
derivate features (absence of mesolophs; presence of double ectolophs; low-developed or absent 
mesolophids; absence of ectomesolophid and weak or absent labial anterolophid of the m1). This 
combination of primitive and derivate character could be the result of mosaic evolution. This 
particularity in the morphology hinder the assessment of its phylogenetic relationships. Chapter 
10 treats this questions by means of a cladistic analysis and an evaluation of the phylogeny of C. 
jotae will be presented there.
FINAL REMARKS & CONCLUSIONS
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TABLE 6.3. Length and width of the studied material of Cricetodon sansaniensis. Units are given in mm. Abbreviations: 
Min, minimum values; Max, maximum values; N, number of specimens.
Min Mean Max N Min Mean Max N
ARM7 3.05 3.19 3.26 3 2.04 2.16 2.28 1
LUM21 3.39 1 2.03 2.14 2.25 2
VT2C 2.44 2.49 2.54 4 2.01 2.06 2.14 4
ARM7 2.35 2.37 2.39 2 1.93 1.94 1.96 2
LUM21 2.42 2.51 2.59 3 1.93 2.02 2.09 3
LUM22 2.38 2 1.88 1.97 2.06 2
VT2C 1.86 1.88 1.89 2 1.83 1.84 1.84 2
ARM7 1.95 2.06 2.17 2 1.88 1.90 1.93 2
LUM21 1.86 1.92 1.98 2 1.76 1.87 1.98 2
LUM22 2.01 1 1.86 1
VT2C 1.78 1
VT2B 1.69 1.73 1.78 2
ARM7 2.55 1 1.76 1
LUM21 2.67 1 1.79 1
LUM22 2.60 1 1.75 1
ARM7 2.73 1 1.96 1
LUM21 2.72 1 1.99 2.08 2.16 2
LUM22 2.79 1 2.17 1
VT2C 2.07 1
VT2B 1.94 2.01 2.07 2
ARM7 2.34 2.54 2.74 2 1.77 1.94 2.10 2
LUM21 2.52 2.53 2.54 2 1.77 1.87 1.96 2
LUM22 2.60 2.62 2.63 2 1.92 1.96 1.99 2
m3
Locality
Length Width
M1
M2
M3
m1
m2
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Local
biozone Min Mean Max N Min Mean Max N
MN7/8 G3 TOR1 2.62 2.80 2.89 3 1.82 1.87 1.92 3
MN7/8 G3 AC1 3.12 1 2.07 1
MN7/8 G3 VL9 2.95 1
MN6 G2 ARV6 2.76 2.99 3.29 13 1.83 1.98 2.12 16
MN6 G2 LP5K 2.98 1 1.94 2.01 2.07 2
MN6 G2 BOR 2.82 3 3.14 4 1.98 1.99 2 4
MN6 G2 MAN 2.69 2.94 3.18 19 1.80 1.99 2.18 19
MN6 G1 VT1 3.14 1 2.03 1
MN6 G1 LP5C 2.93 1 1.82 1.87 1.97 3
MN6 G1 LP5B 3.01 1 1.83 1.93 2.03 2
MN7/8 G3 TOR1 2.19 2.23 2.27 2 1.95 1.96 1.97 2
MN7/8 G3 VL9 2.28 1 1.91 1
MN6 G2 ARV6 2.02 2.26 2.43 8 1.71 1.92 2.11 9
MN6 G2 LP5K 2.17 2.24 2.36 3 1.90 1.93 1.99 3
MN6 G2 LP5L 2.28 1 1.81 1
MN6 G2 BOR 2.17 2.21 2.26 3 1.86 1.88 1.90 3
MN6 G2 MAN 2.05 2.23 2.41 8 1.69 1.87 2.01 8
MN6 G1 LP5C 2.23 2.26 2.29 2 1.81 1.88 1.94 2
MN7/8 G3 TOR1 2.55 1 1.73 1
MN7/8 G3 AC1 1.74 1 1.76 1
MN7/8 G3 VL9 1.65 1.69 1.73 2 1.72 2
MN6 G2 ARV6 1.58 1.75 1.89 15 1.50 1.67 1.85 15
MN6 G2 LP5K 1.85 1 1.78 1
MN6 G2 BOR 1.89 1.90 1.92 2 1.73 1,79 1.85 2
MN6 G2 MAN 1.65 1.83 2 18 1.58 1.71 1.83 18
MN6 G1 LP5C 1.81 1 1.71 1
MN7/8 G3 TOR1 1.67 1.76 1.86 3 1.68 1.73 1.80 3
MN7/8 G3 AC3 2.46 1 1.62 1
MN7/8 G3 AC2 1.66 1
MN7/8 G3 VL9 2.36 1 1.55 1
MN6 G2 ARV6 2.39 2.50 2.69 14 1.57 1.65 1.76 15
MN6 G2 LP5K 2.31 2.49 2.59 3 1.60 1.69 1.75 4
MN6 G2 LP5L 2.41 1 1.67 1
MN6 G2 BOR 2.45 2.48 2.51 2 1.57 1.64 1.71 3
MN6 G2 MAN 2.28 2.48 2.68 35 1.50 1.65 1.82 35
MN6 G1 VT1 2.47 1 1.62 1
MN6 G1 LP5C 2.68 1 1.70 1
MN7/8 G3 TOR1 2.46 1 1.83 1
MN7/8 G3 AC2 2.35 1 1.81 1.88 1.95 2
MN7/8 G3 AC1 2.02 1
MN7/8 G3 VL9 2.29 2.44 2.60 4 1.79 1.92 2.03 4
MN6 G2 ARV6 2.35 2.46 2.59 17 1.78 1.92 2.05 18
MN6 G2 LP5K 2.38 2.41 2.44 2 1.91 1.92 1.93 2
MN6 G2 BOR 2.36 2.41 2.46 2 1.85 1.86 1.86 2
MN6 G2 MAN 2.22 2.39 2.65 27 1,71 1.87 2.07 28
MN6 G1 LP5C 2.36 2.49 2.61 2 1.86 1.87 1.87 2
MN7/8 G3 TOR1 2.24 2.32 2.39 2 1.76 1.83 1.89 2
MN7/8 G3 AC2 2.17 1 1.76 1
MN7/8 G3 VL9 1.96 2.08 2.19 2 1.75 1.76 1.77 2
MN6 G2 ARV6 2.13 2.27 2.39 15 1.69 1.82 2 16
MN6 G2 LP5L 2.49 1 1.92 1
MN6 G2 BOR 2.28 2.36 2.44 2 1.77 1.80 1.83 2
MN6 G2 MAN 2.12 2.32 2.60 10 1.66 1.82 2 10
NM Zone Locality
Length Width
M1
M2
M3
m1
m2
m3
TABLE 6.4. Length and width of the studied material of Cricetodon jotae. Units are given in mm. Abbreviations: Min, 
minimum values; Max, maximum values; N, number of specimens.
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Cricetodon nievei, sp. nov., new species from the  middle Miocene
new crIcetodontInI froM the MIddle 
MIocene of europe: an exaMple of MosaIc 
evolutIon
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“Nieves had a strong charming personality. She was enthusiastic, 
curious, active, fascinating. She was the synonym of bravery, 
rigorousness, excellence, talent and hard work.”
Marián Álvarez-Sierra, Humberto Astibia Ayerra, Manuel 
Hernández Fernández & Salvador Moyà Solà 
Resumen
En este capítulo se describe una nueva especie de Cricetodontini 
(Cricetidae, Rodentia, Mammalia), Cricetodon nievei sp. nov., en la sección 
de Toril (Toril 3A, Toril 3B, Toril2) y en la localidad de Las Planas 5H. 
Estos yacimientos pertenecen a la biozona local G3 (Aragoniense superior, 
final del Mioceno medio) de la Cuenca de Calatayud-Daroca. La nueva 
especie muestra un patrón en mosaico consistente en una combinación 
de caracteres primitivos y derivados: los molares superiores tienen un 
patrón basal tipo Cricetodon—con caracteres tales como ectolofos cortos 
y no completos—, mientras que los molares inferiores comparten con 
los representantes más antiguos de Hispanomys varias características 
derivadas—e.g., ausencia de metalofúlido II—. También se discute 
la asignación genérica del nuevo taxón y se compara éste con todas las 
especies de Cricetodon y Hispanomys descritas hasta la fecha. El patrón 
de evolución en mosaico de los caracteres dentales se reconoce también 
en otras especies de Cricetodontini de Europa durante el Aragoniense 
superior, si bien con diferente combinación de caracteres morfológicos. 
En ese intervalo de tiempo, la diversidad de la tribu aumenta, incluyendo 
especies con morfología más compleja y mayor variabilidad intraes-
pecífica que los representantes más antiguos. La nueva especie propuesta 
es morfológicamente cercana a los Cricetodontini registrados fuera de la 
Cuenca de Calatayud-Daroca, especialmente C. albanensis e H. decedens 
de Francia. Por último, se analiza el contexto paleoecológico de la nueva 
especie; la distribución estratigráfica de Cricetodon nievei sp. nov., coincide 
con cambios en las comunidades faunísticas que están posiblemente 
relacionados con un aumento de la humedad detectado en la cuenca.
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Abstract
A new species of Cricetodontini (Cricetidae, Rodentia, Mammalia), 
Cricetodon nievei sp. nov. from the Toril section (Toril 3A, Toril 3B, Toril 2) 
and Las Planas 5H is described. All this sites belong to the local biozone 
G3 (late Aragonian, late middle Miocene) from the Calatayud-Daroca 
Basin (Zaragoza, Spain). The new species displays a mosaic pattern consis-
ting in a combination of primitive and derived characters: the upper molars 
have a basal Cricetodon-like pattern—short and not complete ectolophs—, 
whereas the lower molars share several derived features with the older re-
presentatives of Hispanomys—absence of metalophulid II. The generic as-
signation of the new taxon is further discussed and it is compared with all 
the species of Cricetodon and Hispanomys described until date. This mosaic 
evolutionary pattern of dental characters is also recognized in other spe-
cies of Cricetodontini from Europe during the late Aragonian, although 
involving different combination of morphological characters. At this time, 
the diversity of the tribe increases, including species with complex mor-
phology and higher intraspecific variability than the older representatives. 
The new species proposed here is morphologically close to Cricetodontini 
recorded outside the Calatayud-Daroca Basin, especially C. albanensis and 
H. decedens from France. Finally, the palaeoecological context of the new 
species is discussed; the stratigraphical distribution of Cricetodon nievei sp. 
nov. coevals changes in the faunal assemblages which are possibly related 
to an increase of humidity detected in the Calatayud-Daroca Basin.
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The tribe Cricetodontini (Rodentia) is commonly present in the European Miocene; it provides relevant information regarding the biochronology, biostra-tigraphy and palaeoecology of the continental deposits (Van der Meulen and 
Daams,  1992; Daams et al., 1999c, 1999a; Van der Meulen et al., 2011, 2012). The representatives 
of Cricetodontini are considered to be immigrants in Asia Minor around the Oligocene-Miocene 
boundary (De Bruijn and Ünay, 1996). During the early Miocene (Mammal Neogene zones 
MN1 and MN2, sensu De Bruijn et al., 1992 and Steininger 1999), the tribe remains modest in 
the number of both species and specimens. The diversification and geographical expansion into 
continental Europe start later on, at MN5. During the late Aragonian (MN7/8), the tribe reaches 
its maximum diversity (De Bruijn and Ünay, 1996; Rummel 1999). In the middle Aragonian the 
species of Cricetodontini display a widely extended geographical distribution; all of them are 
included in the genus Cricetodon, showing a primitive stage-of-evolution according to De Bruijn 
and Ünay (1996).
During the latest part of the middle Miocene (late Aragonian) new combinations of 
morphological dental characters among the species occur. The intraspecific variability and the 
diversity seem to be higher than in older assemblages (De Bruijn and Ünay, 1996). The taxa 
exhibit a mosaic morphology that consists in the development of different rates of change in the 
jugal teeth. In this interval, the transition from Cricetodon to Hispanomys, in southwestern Europe 
(Agustí, 1980; De Bruijn et al., 1993; Aguilar et al., 1994; López-Guerrero et al., 2008; López-
Antoñanzas & Mein, 2009), and to Byzantinia in Turkey (De Bruijn et al., 1993; De Bruijn and 
Ünay, 1996) took place. Therefore, the evolutionary history of the tribe Cricetodontini gathers 
important taxonomical changes during the late Aragonian. 
In this paper we have studied the fossils of a new species found in the upper Aragonian 
from the Calatayud-Daroca Basin (Daams et al., 1999b; Álvarez-Sierra et al., 2003). The rodent 
fauna from this basin has been extensively studied by many authors (Daams and Freudenthal, 
1981, 1988; Álvarez Sierra, 1987; Daams et al., 1998; Peláez-Campomanes, 2001; Van der Meulen 
et al., 2003; García-Paredes, 2006; Oliver et al., 2009; García-Paredes et al., 2009, 2010; López-
Guerrero et al., 2013; Oliver and Peláez-Campomanes, 2013). Specifically, our study is part of 
an ongoing systematic and phylogenetic revision of the Cricetodontini from this basin (López-
Guerrero et al., 2008, 2009, 2011, 2013). 
INTRODUCTION
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The tribe Cricetodontini is represented by six species in the late Aragonian from Calatayud-
Daroca Basin (Freudenthal, 1966; Mein and Freudenthal, 1971a; López-Guerrero et al., 2008, 
2009): Cricetodon cf. sansaniensis Lartet, 1851, Cricetodon jotae Mein and Freudenthal, 1971, 
Hispanomys aguirrei (Sesé Benito, 1977), Hispanomys lavocati (Freudenthal, 1966), Hispanomys 
nombrevillae (Freudenthal, 1966), and the new species described here. Their stratigraphical 
distributions, according to the local biozonation proposed by Daams et al. (1999c), are as follows: 
Cricetodon cf. sansaniensis is present in the local biozone F (Freudenthal, 1966); Cricetodon jotae in 
the G1 (pers. obs.), G2 (Mein and Freudenthal, 1971a) and the early G3 (pers. obs.); Hispanomys 
aguirrei, Hispanomys lavocati and the new species, in the G3 (Lopez-Guerrero et al., 2008), and 
finally, Hispanomys nombrevillae is found in the H (López-Guerrero et al., 2009).
Here we describe the new taxon that shows a particular pattern with a combination of basal 
and derived features. We also compare it in detail with the species of Cricetodontini with close 
morphology and discuss the context and status with regards to other representatives of the tribe 
in Europe.
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The studied material includes 274 upper and lower molars. Table 7.1 contains the number of specimens studied for each fossil site and the abbreviations used. They are housed at the Museo Nacional de Ciencias Naturales-CSIC (Madrid, Spain) 
and at the Naturalis Biodiversity Center (Leiden, The Netherlands). The studied fossils belong to 
four localities from the Toril-Nombrevilla section—TOR2, TOR3A, TOR3B—and Las Planas 
section—LP5H. These sections are located in the Calatayud-Daroca Basin, southern part of the 
province of Zaragoza (Fig. 7.1).
 All the sites belong to the local biozone G3 from the late Aragonian (Álvarez-Sierra 
et al., 2003) and they can be correlated to the Mammal Neogene zone MN7/8 (Daams et al., 
1999b). The locality LP5H has been correlated to the chron C5Ar.1r (Daams et al., 1999a) that 
spans a time range of 12.474 Ma–12.735 Ma (Hilgen et al. , 2012). According to Van Dam 
et al. (2006), the numerical age of LP5H is 12.57 Ma using the local magnetostratigraphical 
correlation. Additionally, Álvarez Sierra et al. (2003) and Garcés et al. (2003) correlated LP5H 
with the localities Toril 2, Toril 3A and Toril 3B.
 The new material has been compared with several taxa of Cricetodontini from different 
localities hosted in other institutions: Cricetodon soriae from the type locality Somosaguas stored 
at the Universidad Complutense de Madrid (Spain); type material of C. bolligeri from Petersbuch 
10 and ‘Cricetodon’ fandli from Gratkorn stored at Bayerische Staatssammlung für Paläontologie 
MATERIAL & METHODS
TABLE 7.1. Material of Cricetodon nievei sp. nov. from the Calatayud-Daroca Basin, studied localities, abbreviations 
for the localities and institutions where the fossils are stored (see institutional abbreviations). Abb= abbreviations for 
the localities; N= number of specimens.
Locality Abb. Collections M1 M2 M3 m1 m2 m3 N
Toril 3B TOR3B MNCN 8 12 4 10 8 6 48
Toril 3A TOR3A MNCN 18 30 27 36 24 24 159
Toril 2 TOR2 MNCN 4 5 2 — 4 2 17
Las Planas 5H LP5H RGM 7 9 4 10 8 12 50
Total 37 56 37 56 44 44 274
Cricetodon nievei sp. nov.
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und Geologie, Munich (Germany); C. sansaniensis from the type locality of Sansan stored at the 
Muséum d’Histoire Naturelle de Bâle (Switzerland); type material of C. aureus and C. meini from 
Vieux-Collonges, and C. albanensis from La Grive–Saint Alban stored at the Naturalis Biodiversity 
Center (NBC), Leiden (The Netherlands); C. klariankae from the type locality Felsőtárkány-
Felnémet stored at Municipal Museum of Pásztó, Pásztó (Hungary), C. jotae from its type 
locality, Manchones, stored at the Instituut voor Aardwetenschappen, Utrecht University (The 
Netherlands) and finally, the type material of Hispanomys aguirrei from Escobosa de Calatañazor 
stored at the Museo Nacional de Ciencias Naturales, CSIC, Madrid (Spain). 
The nomenclature used for the structures present in the occlusal surface, modified after 
Mein and Freudenthal (1971b), is summarized in Figure 7.2. Notation M1, M2, M3/m1, m2, 
m3 is used for upper/lower molars, respectively. Maximum length and maximum width, given 
in mm, were measured using a Nikon Measuroscope 10 microscope with digital micrometer 
following López-Guerrero et al. (2013). Descriptive statistics of measurements are given in Table 
7.2. Length/width scatter-diagrams of C. nievei sp. nov. are shown in Figure 7.3. The scatter-
diagrams include C. jotae from its type locality, Manchones (Calatayud-Daroca Basin), due to 
the geographical and temporal proximity, and because of the large sample size which allows 
straightforward comparisons with the new species. Among the assemblages of C. nievei sp. nov. 
size have been compared by performing Levenne’s and ANOVA tests in localities with at least five 
data per dental element (Table 7.3). Tables 7.4 and 7.5 present the measurements of the species 
of Cricetodon and Hispanomys (type localities) from the late Aragonian used in the discussion. The 
FIGURE 7.1. Geological map of the Calatayud-Daroca Basin, the square marks the situation of the area of Daroca (Modified 
after García-Paredes et al., 2010). The orthophotograph shows the position of Toril and Nombrevilla sections.
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photographs were taken with an Environmental Scanning Electron Microscope FEI Quanta 200 
in environmental mode at the Museo Nacional de Ciencias Naturales-CSIC (Madrid, Spain). 
Descriptive and analytical statistics have been carried out with IBM SPSS v. 19.0.0 (IBM SPSS 
2010). The molars are figured as if they were from the right side; reversed images have been 
indicated by an underlined label.
 Repository Institution—All specimens are housed in the Museo Nacional de Ciencias 
Naturales-CSIC (Madrid, Spain) with a repository number prefixed by TOR.
 Institutional abbreviations—MNCN, Museo Nacional de Ciencias Naturales-CSIC, 
Madrid, Spain; RGM, Naturalis Biodiversity Center, former Rijksmuseum van Geologie en 
Mineralogie, Leiden, The Netherlands.
FIGURE 7.2. Terminology of the parts of the cheek teeth of Cricetodon. Only the M1, M3 and the m1 morphology 
has been draw; however, this nomenclature can be applied for the rest of the upper and lower molars. (Modified after 
Mein and Freudenthal, 1971b).
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SYSTEMATIC PALEONTOLOGY
Order RODENTIA Bowdich, 1821
Family CRICETIDAE Fischer, 1817
Subfamily CRICETODONTINAE Stehlin and Schaub, 1951
Tribe CRICETODONTINI Simpson, 1945
Genus CRICETODON Lartet, 1851
 CRICETODON NIEVEI sp. nov.
(Figs 7.4–7.6; Tables 7.1–7.3)
 1981 Cricetodon from LP5H—Daams and Freudenthal, p. 4, fig. 1.
 1984 Cricetodon from LP5H—Daams and Van der Meulen, p. 246, fig. 2.
 1988 Cricetodon spp. from LP5H—Daams and Freudenthal, p. 14, fig. 8.
 2003 Cricetodon spp. from TOR2, Toril3A and TOR3B—Álvarez-Sierra, Calvo, Morales, 
Alonso-Zarza, Azanza, García Paredes, Hernández Fernández, Van der Meulen, Peláez-
Campomanes, Quiralte, Salesa, Sánchez and Soria, p. 30, table 1. 
 2004 Cricetodon sp—Azanza, Alonso Zarza, Álvarez Sierra, Calvo, Fraile, García Paredes, 
Gómez, Hernández Fernández, Van der Meulen, de Miguel, Montoya, Morales, Murelaga, Peláez-
Campomanes, Pérez, Quiralte, Salesa, Sánchez Marco and Soria, p. 273, table 2. 
 2009 Cricetodon aff. jotae—López-Guerrero, Álvarez-Sierra, García-Paredes, López-
Antoñanzas and Oliver, p. 161A.
Material
 Holotype—Left m1, TOR3A-321 (Fig. 7.4H).
 Paratypes—M1: TOR3A-118–TOR3A-131, TOR3A-268–TOR3A-270, 
TOR3A-278; M2: TOR3A-138–TOR3A-166, TOR3A-287; M3: TOR3A-218–TOR3A-237, 
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TOR3A-260–TOR3A-236; m1: TOR3A-168–TOR3A-197, TOR3A-317–TOR3A-322; 
m2: TOR3A-198–TOR3A-217, TOR3A-323–TOR3A-326; m3: TOR3A-238–TOR3A-259, 
TOR3A-267, TOR3A-297.
 Type horizon—Local biozone G3, upper Aragonian, middle Miocene.
 Type locality —TOR3A, province of Zaragoza, Calatayud-Daroca Basin, Spain.
 Other localities—LP5H, TOR2 and TOR3B (see Table 7.1).
 Stratigraphic range—Local biozone G3, MN7/8, upper Aragonian, middle Miocene.
 Etymology—Dedicated to our mentor Dr. Nieves López Martínez who made a great 
contribution to the palaeontology of micromammals. 
Diagnosis
 Diagnosis—Medium-sized Cricetodontini with thick enamel. The main valleys of the 
upper molars are almost closed by large cingular ridges and/or styles; the latter are especially 
frequent in the protosinus. Upper molars always have a short mesoloph except for the M3 where 
the mesoloph can be absent. M1 with four roots and the anterocone well divided by a groove. The 
anterior ectoloph is frequently present, simple and not complete. The posterior ectoloph is always 
present, simple and not complete. The posteroloph, in the M3, is absent. The lower molars present 
a short mesolophid. The metalophulid I on the m1 is always present and the metalophulid II is 
absent. The m1 and m2 frequently have a well-developed ectomesolophid which can reach the 
labial border. The m2 is generally birradiculated; in some cases, its posterior root is partly divided. 
 Differential diagnosis—Cricetodon nievei sp. nov. differs from C. caucasicus Argyropulo, 
1938, C. versteegi De Bruijn, Fahlbusch, Saraç, and Ünay, 1993, C. tobieni De Bruijn, Fahlbusch, 
Saraç, and Ünay, 1993, C. aliveriensis Klein Hofmeijer and De Bruijn, 1988, C. kasapligili De 
Bruijn, Fahlbusch, Saraç, and Ünay, 1993, and C. wanhei Qiu, 2010 by its larger size. 
 Cricetodon nievei sp. nov. differs from C. engesseri Rummel and Kälin, 2003, C. soriae 
López Martínez, Cárdaba, Salesa, Hernández Fernández, Cuevas González and Fesharaki, 2006 
in Hernández Fernández et al. 2006, C. jumaensis Rummel, 2001, C. klariankae Hír, 2007, C. 
albanensis Mein and Freudenthal, 1971a, C. sansaniensis Lartet, 1851 and C. aureus Mein and 
Freudenthal, 1971b by its smaller size. 
 Cricetodon nievei sp. nov. differs from C. pasalariensis (Tobien, 1978) by the deeply split 
anterocone in the M1; its M2 and M3 with less-developed lingual anterolophs and the absence of 
156
Chapter 7
metalophulid II in the m1. It differs from C. candirensis (Tobien, 1978) and C. hungaricus (Kordos, 
1986) by its less-developed ectolophs; the presence of metalophulid I on the m1; the absence of 
the connections in an ‘X-shaped’ pattern among the four main cusps in the m3. Differs from C. 
cariensis (Sen and Ünay, 1979) by its well-developed ectolophs—which do not form a continuous 
structure—,and the absence of enamel-coated valley. Differs from C. bolligeri Rummel, 1995 by 
the absence of anterior protolophule on the M1, and its less developed ectomesolophid on the 
m1. Differs from C. meini Freudenthal, 1963 by its presence of posterior ectoloph; the absence 
of anterior protolophule on the M1 and metalophulid II on the m1. Differs from C. jotae Mein 
and Freudenthal, 1971a by the presence of styles on the protosinus of the M1; the presence of 
mesolophs on the upper molars; its protocone connected to the longitudinal crest through the 
posterior arm of the protocone; the absence of metalophulid II. Differs from C. volkeri Wu, Meng, 
Ye, Ni, Bi and Wei, 2009 by its M1 with four roots and less-developed posteroloph; M2 with 
less-developed mesolophs; larger m2. Differs from ‘Cricetodon’ fandli Prieto, Böhme and Gross, 
2010 by the M1 without double, and complete anterior ectoloph and m1 without metalophulid II. 
 Cricetodon nievei sp. nov. differs from Hispanomys dispectus Agustí, 1980 by its M1 with 
poor-developed ectolophs, its sinuous contour; the absence of enamel-coated valley and the m1 
without metalophulid II. Differs from H. daamsi Agustí, Casanovas-Vilar and Furió, 2005 and 
H. lavocati (Freudenthal, 1966) by its smaller size; the presence of mesoloph and poor-developed 
and not complete ectolophs on the upper molars. Differs from H. aguirrei (Sesé Benito, 1977) 
by the absence of metalophulid II on the m1; the poor-developed ectolophs on the M1. Differs 
from H. bijugatus Mein and Freudenthal, 1971a by the m1 without metalophulids II and the 
absence of enamel coated valley. Differs from H. decedens (Schaub, 1925) by its sinuous contour 
on the M1 and the absence of metalophulid II. Differs from H. castelnovi Aguilar, Clavet and 
Michaux, 1994 by its bigger size. Differs from H. nombrevillae (Freudenthal, 1966); H. adroveri 
Agustí, 1986; H. baixasi Aguilar, Michaux and Lazzari, 2007; H. peralensis Van de Weerd, 1976; 
H. moralesi López-Antoñanzas, Peláez-Campomanes, Álvarez-Sierra and García-Paredes, 2010; 
H. mediterraneus, Aguilar 1982; H. thaleri (Hartemberger, 1965), and H. aragonensis (Freudenthal, 
1966) by its non-complete ectolophs.
CRICETODON NIEVEI FROM THE CALATAYUD-DAROCA BASIN
Description of the Type Locality TOR3A
 M1—Material: 18 specimens. It has four roots and a sinuous outline. The enamel is thick 
(Fig. 7.4B). The anterocone is divided in two parts by a shallow groove on the anterior wall of 
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the tooth. A labial anteroloph is present in five out of 14 molars; this anteroloph is joined to the 
labial part of the anterocone and is extended through the protosinus, but without reaching the 
protocone (Fig. 7.4B, 4C). The anterolophule is connected to the lingual part of the anterocone. 
A short labial spur of the anterolophule is present in one specimen. The protolophule is always 
posterior. The posterior ectoloph of the anterocone is present in most of the cases (10/12; Fig. 
7.4A, 4B). In one case, this anterior ectoloph is well developed and it reaches the paracone. The 
posterior ectoloph is always present; it is simple, composed by the posterior ectoloph of the 
paracone, in most specimens (11/12; Fig. 7.4A, 4C) and it is double, composed by the posterior 
ectoloph of the paracone and the anterior ectoloph of the metacone, in one case. None of them 
is complete. The mesoloph is present in all specimens but one (14/15), being short in most cases 
(13/15; Fig. 7.4A, 4B, 4C); it is reduced to an enlargement of the enamel (incipient) in one case. 
A ridge-like structure is present in the anterior wall of the protocone in six out of 14 specimens 
(Fig. 7.4A, 4B), being absent in the remaining ones (8/14; Fig. 7.4C). The enamel coated valley 
is absent. The entomesoloph is present in some specimens (2/13) and it is short (Fig. 7.4B). The 
labial posteroloph is always present, small, but well delimited (Fig. 7.4A, 4B, 4C). The lingual 
posteroloph is mostly present (8/10; Fig. 7.4A; 4C). The anterosinus is closed by a well-developed 
and large cingulum (10/12; Fig. 7.4A, 4B, 4C); by a style (1/12) or it can also remain open (1/12). 
The mesosinus is blocked by a big cingulum (10/12; Fig. 7.4A, 4B); it is open in two cases (Fig. 
7.4C). The sinus is lingually open (7/12; Fig. 7.4B) or closed either by a large style (3/12; Fig. 
5.4C), or by two crests joined to the hypocone and the protocone (2/12). The protosinus is closed 
by a big style in 9 out of 14 molars (Fig. 7.4A); it is closed by the lingual anteroloph on the others 
(Fig. 7.4B, 4C).
 M2—Material: 30 specimens. The anterior ectoloph is present in most cases (19/21); 
it is composed by the anterior ectoloph of the paracone in four molars and it seems to be an 
enlargement of the enamel at the base of the paracone in the others. (Fig. 7.4D). The posterior 
ectoloph is always present and composed by the posterior ectoloph of the paracone; it is never 
connected to the metacone (Fig. 7.4D) but in two cases, is lingually curved and connected to the 
mesoloph (Fig. 7.4D). The mesoloph is short (15/27; Fig. 7.4D), incipient (5/27) or absent (7/27). 
A spur on the posterior wall of the protocone is present in nine out of 12 specimens (Fig. 7.4D). 
The entomesoloph is only present in one specimen and it is incipient. Labial posteroloph is always 
present; it is well developed in most specimens (18/23; Fig. 7.4D) and weak in the remaining ones. 
The lingual posteroloph is short (10/23) or absent in (13/23; Fig. 7.4D). The anterosinus can be 
closed by the connection of the basis of labial anteroloph and the paracone (25/26). The protosinus 
is weak in all the molars but one; it is closed by a small style in two out of 24 specimens. The 
mesosinus is blocked by a cingulum (22/27) or remains open (5/27); the cingulum is low in two 
specimens (Fig. 7.4D). The sinus is curved forward (9/12; Fig. 7.4D) or straight (3/12). The sinus 
is open (19/24; Fig. 7.4D) or closed (5/24); it is blocked by a thick cingulum (2/5) or by two crests 
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attached to the hypocone and to the protocone (3/5). 
 M3—Material: 27 specimens. It has a rounded outline with a reduced hypocone. The 
lingual anteroloph is weak although it is clearly distinguishable in most cases (6/7; Fig. 7.4E, 4F). 
The labial anteroloph is always present and well developed (Fig. 7.4E, 4F). The anterior ectoloph is 
barely present (5/23); it is composed by the anterior ectoloph of the paracone and one is complete. 
The posterior ectoloph is always present; it is double (11/24; Fig. 7.4F) or single, formed by the 
posterior ectoloph of the paracone (13/24; Fig. 7.4E). In six specimens the posterior ectoloph is 
complete. Some molars (4/22) have a short mesoloph. The enamel coated valley is absent. The 
entoloph is continuous and the neo-entoloph is present in five out of 23 cases. The posteroloph is 
absent; several specimens (3/20) have a constriction on the posterior wall of the hypocone which 
is not considered as a true posteroloph (Fig. 7.4E). The sinus is deep, curved and directed forward 
in the specimens without neo-entoloph (Fig. 7.4E, 4F); it is small and straight if the neo-entoloph 
is present.
 m1—Material: 36 specimens. The labial anterolophid is well developed and usually does 
not reach the protoconid (16/25; Fig. 7.4H, 4I, 4J); it connects the anteroconid with the protoconid 
in the rest of cases (Fig. 7.4H, 4I). A lingual anterolophid is present in one out of 25 specimens 
and it does not reach the metaconid. Most of the molars (22/24) have a metalophulid I (Fig. 7.4G, 
4H, 4I, 4J) and the remaining ones do not have any metalophulid, the metalophulid II being 
always absent. The longitudinal ridge bears a mesolophid in nearly half of the specimens (11/21; 
Fig. 7.4G, 4I), and it is clearly distinguishable but short in all cases but one, which is incipient. The 
ectomesolophid is usually present (16/26); it is long, reaching the labial border (2/16; Fig. 7.4G, 
4H; 4J) or ending before the labial edge (7/16), and it is short in seven out of 16 specimens (Fig. 
7.4I). The metaconid and the entoconid have, in general, posteriorly directed protuberance near 
the lingual border (Fig. 7.4G, 4H, 4I). The hypolophulid is transversal (3/27; Fig. 7.4I) or strongly 
directed forward (24/27; Fig. 7.4G, 4H, 4J). A small labial posterior cingulum is present in three 
out of 26 cases (Fig. 7.4G). The mesosinusid is blocked by a low cingular ridge (3/11; Fig. 7.4G, 
4I); closed by a stylid (3/11) or it is open (5/11; Fig. 7.4H, 4I, 4J). The sinusid is wide and shallow; 
it is straight and it is blocked by a low cingular ridge (15/19; Fig. 7.4H), by two crests attached 
to the hypoconid and the protoconid (1/19), or by a stylid with a crest attached to the hypocone 
(2/19). The sinusid is open in one molar. The posterosinusid is blocked by a cingular ridge (3/26) 
or it remains open.
 m2—Material: 24 specimens. It has two roots; the posterior one is split in the half height 
in some cases (6/10), but none of the specimens have three complete roots. The labial branch of 
the anterolophid is well developed and it reaches the protoconid (Fig. 7.4L, 4M) in all cases but 
one (Fig. 7.4K). The lingual anterolophid is absent (Fig. 7.4K, 4L, 4M). Most specimens have a 
mesoloph (20/24); it is short (19/20; Fig. 7.4K, 4L, 4M) and the other one present a very reduced 
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form; it is an enlargement of the enamel instead of a “true” mesolophid. Several teeth possess 
an ectomesolophid (11/23); it is short (3/11; Fig. 7.4K) or long and reaching the labial border 
(8/23; Fig. 7.4M). There is no anterosinusid and the mesosinusid is open (7/24; Fig. 7.4K, 4L) 
or blocked by a low cingulum (17/24; Fig. 7.4M). The sinusid is open (2/23), blocked by a low 
cingular ridge (14/23; Fig. 7.4K, 4L), by two crests related to the protocononid and the hypoconid 
(6/23; Fig. 7.4K), or by a stylid (1/23). A weak labial posterosinusid is formed on the posterior 
wall of the hypoconid in most specimens (19/21; Fig. 7.4M); it is well distinguishable in five of 
them. The posterosinusid can be blocked by a cingulid (3/21) or by the connection between the 
posterolophid and the entoconid (8/21); it is open in the remaining ten specimens (Fig. 7.4K, 4L, 
4M).
 m3—Material: 24 specimens. The labial anterolophid is long; it reaches the protoconid in 
16 out of 19 cases (Fig. 7.4N). A weak lingual anterolophid is present in one case. The mesolophid 
is present in most specimens (17/19); it is short (Fig. 7.4N) and in four teeth it develops a second 
branch in the ectolophid (Fig. 7.4O). The ectomesolophid is mostly absent (Fig. 7.4O); but one 
tooth possess a weak enlargement of the enamel (Fig. 7.4N). The lingual posterolophid is high 
and extends towards the entoconid. The mesosinus is closed by a low cingulid (11/18; Fig. 7.4N, 
4O) or it remains open (7/18). The sinusid is blocked by a cingulid (7/16; Fig. 7.4N), by a stylid 
(7/16) or it remains open (3/16; Fig. 7.4O). The posterosinusid is closed by a cingulum (6/18) or 
it is blocked by the posterolophid (7/16; Fig. 7.4O); it is open in the remaining specimens (5/18; 
Fig. 7.4N).
Cricetodon nievei sp. nov. from other sites in the Calatayud-Daroca Basin.
 The studied assemblages of Cricetodon nievei sp. nov. from TOR2, 3A, 3B and LP5H 
(Table 7.1) are morphological and metrically homogeneous (Figs. 7.5–7.6). Most characteristic 
features present in all fossil sites are: the thick enamel, the presence of styles on the protosinus of 
the M1, the moderate development of the ectolophs (Fig. 7.5A; 5D; 5F)—being incomplete in 
most specimens—, the moderately simple pattern of the M3, the presence of metalophulid I on 
the m1 and absence of metalophulid II (Fig. 7.6A; 6D), the presence of ectomesolophid, and the 
moderately reduced m3 (Table 7.2).
Although no remarkable differences in morphology are observed in the studied material, 
there is certain degree of variability in several characters, or state of character, which are absent in 
the type locality. In the fossils from LP5H, the anterior ectoloph is connected to the basis of the 
paracone in the M1 (3/6) and M2 (1/9), instead of to the top of the cusp as in the rest. Regarding 
the M3, LP5H and TOR3B have some specimens with longer mesolophs that can exceed the half 
of the length of the mesosinus or even reach the labial border (1/3 in LP5H).
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On the other hand, C. nievei sp. nov. from the type locality do not show significant differences 
in the metrical variables when compared to other studied samples (Fig. 7.3; Table 7.3). 
COMPARISONS AND DISCUSSION
Remarks on the genera Cricetodon and Hispanomys
 Before addressing comprehensive comparisons and discussion, it is crucial to clarify some 
aspects about the genera Cricetodon and Hispanomys. Many authors (De Bruijn, 1976; Sen and 
Ünay, 1979; Ünay, 1980; Ünay and De Bruijn, 1984; De Bruijn et al., 1993; Casanovas-Vilar, 2007; 
Prieto et al., 2010) pointed out that the differences between some genera of Cricetodontini are 
diffuse because the limit from one to the other is not well defined. These transitions are especially 
problematic during the late Aragonian: from Cricetodon and Hispanomys in Western Europe as 
well as from Cricetodon to Byzantinia in the Eastern Mediterranean. Thus, the generic assignment 
is sometimes very complicated (Prieto et al., 2010).
 The genus Cricetodon is described by the following features: large, medium or small sized 
Cricetodontini with low-crowned cheek teeth, ectolophs of the upper molars are absent or weak, 
the upper M1 has four roots, anterocone of the M1 single or double and majority of the m1 with 
metalophulid I and II present on the same specimen or metalophulid II only, among others (Mein 
& Freudenthal, 1971a; De Bruijn et al., 1993). In turn, Hispanomys is described as Cricetodontinae 
of medium size, slight to moderately hypsodont; with either incomplete or complete ectolophs; 
the anterocone of the M1 with an anterior groove and the M1 with either four or five roots (Van 
de Weerd, 1976). Regarding the presence of metalophulid II, Prieto et al. (2010) pointed out that 
it is usually absent in the early Hispanomys. However, the same authors did not recommend the 
use of this structure for the unambiguous separation between Cricetodon and Hispanomys due to 
its high morphological variability.
 De Bruijn and Ünay (1996) recognized five evolutionary grades of Cricetodontini. Type 
1, 2 and 4 are composed exclusively by the species from Anatolia; type 1 and 2 are represented by 
the basal eastern Cricetodon species, whereas type 4 includes mainly representatives of Byzantinia. 
The type 3 comprises most of the species of Cricetodon characterized by: M1 and M2 with four 
roots; a divided anterocone; a posterior ectoloph that varies in length and it may be complete; a 
short labial posteroloph and an m1 that has usually metalophulid I and II in the same specimen 
(De Bruijn and Ünay, 1996). Finally, the type 5 contains the Cricetodontini from south-western 
Europe, assigned by these authors to Hispanomys and Ruscinomys; the species included here display 
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the following features: frequent presence of five roots in the M1; check teeth, not “stretched” 
longitudinally and wear flat, especially the third molar. 
 Prieto et al. (2010) defined six groups of Cricetodontini as well. Group 1 that comprises 
the middle Miocene Anatolian species of Cricetodon. Group 2, including middle Miocene 
Cricetodon hungaricus from the localities from Hungary. Group 3 is including Cricetodon klariankae 
from the late middle Miocene of Hungary. Prieto et al. (2010) proposed an ancestor-descendant 
relationship between C. klariankae and ‘Cricetodon’ fandli from Austria, so the latter species is also 
considered in the group 3. Group 4 that includes the early Hispanomys species (middle Miocene 
to earliest late Miocene) from Spain and France; it is characterized by having less hypsodont 
and reduced longitudinally “stretched” molars (Prieto et al., 2010). Group 5, which contains 
brachiodont species of Cricetodon from the middle Miocene characterized by ectolophs that 
are very short or absent (Prieto et al., 2010: 181). And finally, group 6 composed by Cricetodon 
caucasicus from Georgia, which shows non-split anterocone and no ectolophs. However, Pickford 
et al. (2000) described complete ectolophs in Cricetodon causasicus and its inclusion in group 3 is 
now taking in consideration by the author (Prieto, pers. comm.). 
 The proposal of all these classifications that attempt to order the different groups of 
species of Cricetodon and Hispanomys, give us an idea about the difficulties that, sometimes, are 
found when realizing the generic assignation. This problem is particularly noticeable during the 
late Aragonian, the time interval in which the material studied here is placed.
Comparison with others species of Cricetodontini.
 The material of Cricetodontini from TOR2, TOR3A and TOR3B was previously cited 
and studied by Álvarez Sierra et al. (2003) and López-Guerrero et al. (2009). These authors left 
the taxonomical assignation as Cricetodon spp. and Cricetodon aff. jotae, respectively. After a new 
study and descriptions of this material, we have confirmed that the combination of characters is 
unique and it has not previously been described, allowing us to propose the new taxon. 
 As we mention before, the generic assignation of the species of Cricetodontini from the 
late Aragonian is controversial (De Bruijn et al., 1993; Prieto et al., 2010; López-Guerrero et 
al., 2013) and as noted by Prieto et al. (2010: 425), it ‘depends on whether the morphological or 
phylogenetic approach is used’. Taking into account these considerations, we discuss, on the first 
place, the generic ascription of the studied fossils.
 The specimens from TOR3A have a combination of primitive and derived characters. 
The upper molars have the following features: (1) low crowns, (2) sinuous contour, (3) moderate 
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development of the ectolophs which do not form a continuous wall, (4) presence of mesolophs and 
entomesolophs, cingular formations and styles on the valleys, (5) Four-rooted M1, and (6) a barely 
reduced M3. These characteristics are frequently present in Cricetodon and they are considered as 
primitive for the tribe (Mein and Freudenthal, 1971a; Agustí, 1982; Hír, 2007; De Bruijn et al., 
1993; López-Antoñanzas and Mein, 2009). On the other hand, the lower molars have: (1) short 
or absent mesolophids, (2) absence of metalophulid II in the m1, and (3) three incipient roots 
in the m2. These characters are described in many species of Hispanomys and are considered as 
derived within the tribe Cricetodontini (Mein and Freudenthal, 1971a; Agustí, 1982; Hír, 2007; 
De Bruijn et al., 1993; López-Antoñanzas and Mein, 2009, López Antoñanzas et al., 2010). 
However, the presence of metalophulid I and the absence of metalophulid II in the m1, as well as 
the three rooted m2 are also found in some species of Cricetodon such as: Cricetodon albanensis, C. 
bolligeri and C. jumaensis studied by Mein and Freudenthal (1971a) and Rummel (1995, 2001), 
respectively.
 In addition, the diagnosis and the descriptions of the different species of Hispanomys 
frequently pointed out the high hypsodonty (Mein and Freudenthal, 1971a; Van de Weerd, 
1976); complete and usually double ectolophs forming a continuous wall (Aguilar et al., 1994); 
the younger species show a short or absent labial anterolophid in the m1 (López-Antoñanzas 
and Mein, 2009, 2011); and a hypocone highly reduced in the third molars (Agustí, 1982). These 
characters are absent in the material from TOR3A. 
 Given that our material presents a large number of characters of Cricetodon, as well as 
the fact that the characters shared with Hispanomys are also found in some species assigned to 
Cricetodon, we decided to include the new species of TOR3A in the latter genus; despite of the 
abovementioned resemblance of its lower molars with Hispanomys. Nevertheless, it is essential to 
compare our new material with the species included in both genera. 
 In order to make easier the comparisons with the species of Cricetodon and Hispanomys, 
these were grouped. Primary order is by age and secondary sort is by size. The species for each 
group differ from C. nievei sp. nov. by at least one of the listed features or a combination of several 
ones.
 Firstly, the material of TOR3A is compared with the older species of Cricetodon. Since 
the Ramblian until the middle Aragonian, the Cricetodontini remains modest in numbers 
of both specimens and species (De Bruijn and Ünay, 1996). These species are enclosed in the 
Cricetodontini types 1, 2 and partially 3 defined by De Bruijn and Ünay (1996) as well as in 
the groups 1, 2 and 6 by Prieto et al. (2010). We include in these groups: Cricetodon tobieni, C. 
wanhei, C. soriae, C. aureus, C. sansaniensis, C. hungaricus, C. candirensis, C. versteegi, C. aliveriensis, 
C. meini, C. pasalarensis, C. caucasicus, C. volkeri and C. kasapligili. Our new species can be easily 
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differentiated from these species because they possess some of the follow primitive traits: (1) 
M1 with non-divided anterocone; (2) three roots on the M1; (3) anterior protolophule; and 
(4) m1 with metalophulid II or both metalophulids, I and II, in the same specimen (Mein and 
Freudenthal, 1971b; Baudelot, 1972; Klein Hofmeijer and De Bruijn, 1988; De Bruijn et al., 1993; 
Rummel, 2001; Hernández-Fernández et al., 2006; Hír, 2007; Wu et al., 2009; Qiu, 2010; Maridet 
and Sen, 2012; López-Guerrero et al., 2013). 
 In turn, the younger representatives of Cricetodontini, from the Vallesian and the Turolian, 
belong to the type 5 defined by De Bruijn and Ünay (1996). In this group we include: Hispanomys 
adroveri, H. freudenthali, H. baixasi, H. peralensis, H. moralesi, H. mediterraneus, H. thaleri, H. 
aragonensis and H. nombrevillae. These species present complete ectolophs and high degree of 
hypsodonty. None of these characters are present in the studied material and they confer a clear 
derivate pattern, according with the trends described by the authors (Mein and Freudenthal, 
1971a; Agustí, 1982; Hír, 2007; López-Antoñanzas & Mein, 2009). 
 Our material is compared with the contemporary species from the late Aragonian. 
Among them, there is a group that is clearly larger than the material from TOR3A (Tables 4–5). 
This group includes: (A) C. engesseri; (B) C. klariankae (C) C. jumaensis; (D) C. cariensis; (E) C. 
albanensis, and (F) Hispanomys lavocati. They have also some different features. Each species have, 
at least, one or more of the following features: (1) long mesolophs and mesolophids (C); (2) 
complete ectolophs (B, D, F); ( 3) enamel coated valley in the upper molars (D, E); (4) presence 
of metalophulid II (B, C, D, E, F); and (5) well-developed posteroloph on the M3 (A) (Sen and 
Ünay, 1979; Rummel, 2001; Rummel and Kälin, 2003; Hír, 2007; Kälin and Kempf, 2009; López-
Guerrero et al., 2008). 
 The case of C. albanensis from La Grive M (MN7/8) (Mein and Freudenthal, 1971a; De 
Bruijn et al., 1992) is especially interesting. Despite its larger size, the dental proportions are similar 
to those in TOR3A. Besides, the morphological resemblance with our material is noticeable. Both 
species share: the low crowned cheek teeth, the degree of development of ectolophs, which are 
single and not complete; the presence of large styles on the protosinus; the absence of metalophulid 
II; the presence of two labial bulges on the entoconid and metaconid in the m1 and the presence 
of a bifid anterolophulid in some m1. However, C. albanensis has a number of traits that differs 
from the studied material, such as: enamel coated valley on the upper molars, and the absence of 
both mesoloph and ectomesolophid.
 There is another set of species from the late Aragonian which has similar size to that 
of TOR3A (Tables 7.4, 7.5), but displays different morphology. ‘Cricetodon’ fandli, C. jotae, H. 
bijugatus and H. aguirrei differ from the Cricetodon from TOR3A, because they have metalophulid 
II or both metalophulids on the same specimen in the m1 (Sesé Benito, 1977; Prieto et al., 2010; 
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López-Guerrero et al., 2008; López-Antoñanzas and Mein, 2009, 2011). Cricetodon bolligeri has 
anterior protolophule on the M1 and a more developed entomesolophid on the lower molars 
(Rummel, 1995). Hispanomys dispectus possess double and complete ectolophs and a straight 
contour (Agustí, 1980). Hispanomys daamsi has no mesoloph; the anterior and posterior ectolophs 
are complete and the latter is double (Agustí et al., 2005).
 The case of Hispanomys decedens needs special attention since it shows quite basal 
morphology shared with the molars from TOR3A such as: the presence of lingual cingulum 
closing the valleys, incomplete anterior ectolophs, the presence of mesolophs, four-rooted M1, 
and low-reduced M3 (López-Antoñanzas and Mein, 2011). Despite these similarities, H. decedens 
shows some differences like the enamel coated valley, complete posterior ectolophs in the upper 
molars, as well as a well-developed posteroloph on the M3 (López-Antoñanzas and Mein, 2011), 
which preclude the assignment of our material to H. decedens. 
 Finally, there is one species that is smaller than the molars from TOR3A (Tables 7.4, 7.5), 
H. castelnovi. This species displays also morphological differences with the studied fossils; it has 
the anterocone slightly divided in the M1 and both ectolophs are complete, forming a continuous 
wall in the upper molars (Aguilar et al., 1994).
 A large number of forms of Cricetodontini have been described from the late Aragonian 
and early Vallesian in central Europe. In the Swiss Molasse of the North Alpine Foreland Basin 
(NAFB) Hispanomys sp. from Nebelberg TGL II+III (MN9) (Kälin and Kempf, 2009) is similar 
in size and morphology to the material from TOR3A. Both possess M1 with weak posterior 
ectoloph and absence of anterior ectoloph, and m1 having mesolophid and metalophulid I, but 
lacking metalophulid II (Kälin and Kempf, 2009; Rummel and Kälin, 2003). These resemblances 
indicate that the Swiss specimens could fit the diagnosis of the new species from TOR3A; however, 
the revision and study of this material is necessary to confirm this statement. 
 Rummel (2000) reported Cricetodon aff. sansaniensis from the locality Petersbuch 31 
(MN7) in the German Molasse of the NAFB. It displays several similarities with the species 
from TOR3A: both have weak-developed and not complete ectolophs on the upper molars, short 
mesolophids on the m1 and, generally, three roots on the m2: the posterior one can be completely 
or partially split (Rummel, 2000). Furthermore, Cricetodon aff. sansaniensis is similar in size to the 
species from TOR3A, although the m2 and m3 are slightly larger and, therefore, its Length m1/
Length m3 index is lower (1.08 vs. 1.12, respectively). Besides, it shows metalophulid II in one 
out of six specimens. All these features preclude the assignation of Cricetodon aff. sansaniensis to 
the species from TOR3A.
After the detailed morphometrical study and the comparison with all species above 
mentioned, it is justified the proposal of the new species Cricetodon nievei sp. nov. for the material 
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FIGURE 7.3. Length/Width scatter-diagram of the cheek teeth of Cricetodon nievei sp. nov. and Cricetodon jotae from 
Manchones.
from TOR3A, TOR3B, TOR2 and LP5H.
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FIGURE 7.4. Cricetodon nievei sp. nov. from the Calatayud-Daroca Basin. Toril 3A. A, inverted right M1, TOR3A-126; 
B, inverted right M1, TOR3A-127; C, left M1, TOR3A-122; D, inverted right M2, TOR3A-159; E, left M3, TO-
R3A-219; F, left M3 TOR3A-260. G, left m1, TOR3A-318; H, inverted right m1, TOR3A-322 Holotype; I, inverted 
right m1, TOR3A-169; J, left m1, TOR3A-176; K, left m2, TOR3A-327; L, inverted right m2, TOR3A-201; M, 
inverted right m2, TOR3A-207; N, inverted right m3, TOR3A-259; O, inverted right m3, TOR3A-242. Scale bar 
represent 1 mm.
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FIGURE 7.5. Cricetodon nievei sp. nov. from the Calatayud-Daroca Basin. Upper molars. Toril 3B: A, left M1, TOR3-
143; B, inverted right M2, TOR3-146; C, left M3, TOR3-148; D, left M1, TOR3B-402; E, left M2, TOR3-147. Toril 
2: F, left M1, TOR2-258; G, inverted right M2, TOR2-264; H, left M3, TOR2-267. Scale bar represent 1 mm.
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FIGURE 7.6. Cricetodon nievei sp. nov. from the Calatayud-Daroca Basin. Lower molars. Toril 3B: A, inverted right 
m1, TOR3B-420; B, inverted right m2, TOR3B-426; C, left m3, TOR3B-433; D, inverted right m1, TOR3B-418; E 
left m2, TOR3B-431; F, left m3, TOR3B-432. Toril 2: G, left m2, TOR2-271; H, inverted right m3, TOR2-274. Scale 
bars equals 0.5 mm and 1mm.
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FINAL REMARKS & CONCLUSIONS
Relationships with the other Cricetodontini present in the Calatayud-Daroca Basin
The first Cricetodontini from the Calatayud-Daroca Basin is found in the local biozone E (MN5, middle Aragonian). During biozones F, G1 and G2 (MN6, late Aragonian) the species have a homogeneous basal morphology charac-
teristic of Cricetodon. In the biozone G3 (MN7/8, latest late Aragonian) there is an increase 
of the taxonomical diversity, being registered the highest number of species in the basin. The 
morphological homogeneity disappears and the intraspecific variability became higher. These 
species show a combination of primitive and derived characters. Afterwards, the acquisition of 
derivate characters typical of Hispanomys is achieved during the local biozone H (Álvarez-Sierra 
et al., 2003).
In the scenarios described above, C. nievei sp. nov. is registered on the interval of maximum 
diversification together with Cricetodon jotae, Hispanomys aguirrei and H. lavocati. Cricetodon jotae 
is found in Manchones, Arroyo del Val 6 (local biozone G2, MN6) and TOR 1 (local biozone 
G3, MN7/8) (Mein and Freudenthal, 1971a; pers. obs.). Hispanomys aguirrei and/or H. lavocati 
are recorded on the younger localities from the TOR-Nombrevilla section, Nombrevilla 2, 3 and 
4 (López-Guerrero et al., 2008, 2009).
Agustí (1982) propose a phylogeny for the Cricetodon-Ruscinomys group, in which C. jotae 
was the ancestor of H. aguirrei. He pointed out that the evolutionary trends for this lineage were 
the development of the ectolophs and the acquisition of a slightly modern pattern consisting of: 
the increase of the hypsodonty and the reduction of the cingular formations (Agustí, 1982: 104, 
110). Given that Cricetodon nievei sp. nov. is located in the sites of intermediate age between those 
which have C. jotae and H. aguirrei, is necessary to analyse the possible relationships that could 
exist among this three species.
As we remark before, these three species show, each one, a particular combination of basal 
and derivate traits. In the case of C. jotae from Manchones we observe a primitive character 
as the metalophulid II present in many specimens and, however, it has the following features 
that are considered derivate for the tribe (Agustí, 1980; López-Antoñanzas and Mein, 2009): 
absence of mesolophs; presence of double ectolophs and styles in the protosinus of only few 
M1; low-developed or absent mesolophids; absence of ectomesolophid and weak or absent 
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labial anterolophid of the m1. In contrast, Cricetodon nievei sp. nov. has mesoloph/ids; only one 
M1 has double ectolophs, styles are more frequent on the protosinus; ectomesolophid present; 
well-developed labial anterolophid, and metalophulid I in the m1; furthermore, neo-entolophs are 
present the M3 and it present bigger size (Fig. 7.3).
In the case of H. aguirrei, it displays primitive features like: the anterocone on the M1 
poorly divided; presence of metalophulids I and II in the same specimen; two roots in the m2 
(López Martínez et al., 1977; Sesé Benito, 1977; López-Guerrero et al., 2008), whereas both C. 
jotae and C. nievei sp. nov. possess well-divided anterocone and some of their m2 have three roots. 
But, on the other hand, the ectolophs are complete in a high number of molars (Sesé Benito, 1977; 
López-Guerrero et al., 2008) and it is a derived feature absent in C. jotae as well as in C. nievei, 
sp. nov.
The observed morphology, combining primitive and derivate traits in a particular manner 
for each species, suggests a mosaic evolution. This consists in different rates of change in the jugal 
teeth which result in a degree of uncoupling between the upper and lower features (Stebbins, 
1983; López Martínez, 1997; Hopkins and Lidgard, 2012). Furthermore, this mosaic evolution 
is also recognized in other Cricetodontini from the European late Aragonian (De Bruijn et al., 
1993; De Bruijn and Ünay, 1996). This fact supposes an additional difficulty for establishing the 
phylogenetic relationships between the involved taxa C. jotae, C. nievei sp. nov. and H. aguirrei. 
Therefore, these questions need a separate study, which is beyond the scope of this study, and 
they should be resolved through the cladistic analysis that is currently in progress. In line with 
this, a previous cladistics phylogeny, (Sen and Erbajeva, 2011) propose that Cricetodon might be 
paraphyletic, since its species were gruped in different clades. The resulting cladogram allocates 
C. albanensis in a clade with Byzantinia, whereas the other European species like C. jotae and 
C. sansaniensis are grouped on another clade together with some Asian taxa. Nonetheless, the 
phylogeny made by Sen and Erbajeva (2011) do not include Hispanomys and these results has to 
be taken carefully. 
After making detailed comparisons with the rest of European and Asian species of Cricetodon 
and Hispanomys we are allowed to point out a morphological resemblance of C. nievei sp. nov. with 
the species of Cricetodon and Hispanomys from the Vallès-Penedès, France and central Europe, 
especially C. albanensis and H. decedens, that has to be assessed in a complete cladistics analysis.
Having discussed and compared Cricetodon nievei sp. nov., C. jotae and Hispanomys 
aguirrei,  it is important to mention Hispanomys lavocati from Nombrevilla2, Nombrevilla 3 and 
Nombrevilla 4 (López-Guerrero et al., 2008, 2009). It shows a general pattern more derivate than 
C. nievei, sp. nov.; it consists of: ectolophs always present, some of them double and, frequently, 
complete; the metalophulid I always present, and the metalophulid II absent (pers. obs.); the m2 
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has always three roots and the posterior one is mostly completely split. The mosaic morphology 
is also perceived in this species by the presence of short mesoloph-ids in a considerably number 
of specimens (López-Guerrero et al., 2008). Nevertheless, De Bruijn et al. (1993) remark that 
H. lavocati presents some morphological affinities with the representatives from Anatolia (not 
specifying which ones) and they suggest that it could be related with a late migration from Asia 
Minor into Europe during the late Aragonian.
As it is described above, local biozone G3 reports the higher number of species of 
Cricetodontini. This increase has been described, not only for this tribe, but also for large mammals 
such as ursids (Abella et al., 2011) and ruminants (Sánchez and Morales, 2006, 2008; DeMiguel 
et al., 2011). The latter ones also reflect a dietary shift towards less abrasive diets (DeMiguel et 
al., 2011). Many authors argued that all this changes in the faunal assemblages had been related 
with an increase of humidity (Van der Meulen and Daams, 1992; Daams et al., 1999c; Alcalá et 
al., 2000; Álvarez Sierra et al., 2003; DeMiguel et al., 2011) and more diverse vegetation during 
the G3 (DeMiguel et al., 2011). In Addition, the occurrence of C. nievei sp. nov. in TOR3A is 
coincident with the re-appearance of beavers which supposed the presence of steady water courses 
(Alcalá et al., 2000; López-Guerrero et al., 2007) agreeing with the proposed increase of humidity. 
The new environmental conditions established in Calatayud-Daroca Basin seem to be very similar 
to those from the Vallés-Penedés Basin and Southern France. The implication of these changes in 
the evolution of Cricetodontini has to be evaluated in the future.
The present work has allowed us to increase the knowledge of the species of Cricetodontini 
during their maximum diversification interval, as well as to precise their stratigraphical and 
geographical distribution. Nevertheless, some aspects about the systematics and phylogeny of 
Cricetodontini remain to be solved; especially regarding those species from the late Aragonian. 
Indeed, the performance of a cladistic analysis, which is in process, should help us to precise the 
phylogenetic relationships and evolution of this group.
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TABLE 7.3. Results of the Levenne’s and ANOVA tests comparing length and width variables of Cricetodon nievei sp. 
nov. from the studied assemblages with at least five data. NS= Non-significant differences (p > 0.05); d.f.= degree of 
freedom.
d.f.1 d.f.2 d.f.1 d.f.2
M1 0.321 NS 0.500 NS 0.154 NS 3 21 0.638 NS 3 23
M2 0.593 NS 0.169 NS 0.080 NS 3 41 0.820 NS 3 43
M3 0.715 NS 0.361 NS 0.802 NS 3 29 0.827 NS 3 30
m1 0.477 NS 0.498 NS 0.352 NS 2 39 0.657 NS 2 38
m2 0.774 NS 0.727 NS 0.101 NS 3 25 0.569 NS 3 29
m3 0.290 NS 0.064 NS 0.255 NS 3 27 0.205 NS 3 27
Levenne’s test ANOVA
Length (P -value) Width (P -value) Length (P -value) Width (P -value)
TABLE 7.2. Length and width of the upper and lower molars Cricetodon nievei sp. nov. Units are given in mm. Min= 
minimum values; Max= maximum values; SD= standard deviation; N= number of specimens.
Min Mean Max SD N Min Mean Max SD N
TOR3B 3.02 3.18 3.38 0.140 5 1.96 2.10 2.27 0.120 6 1.51
TOR3A 2.98 3.15 3.28 0.088 11 2.00 2.12 2.20 0.064 12 1.49
TOR2 3.11 3.19 3.33 0.119 3 2.11 2.15 2.23 0.069 3 1.48
LP5H 2.97 3.05 3.19 0.085 6 1.99 2.08 2.16 0.071 6 1.47
TOR3B 2.12 2.22 2.34 0.084 6 1.82 1.94 2.15 0.010 8 1.14
TOR3A 2.13 2.31 2.53 0.097 26 1.76 1.96 2.21 0.119 26 1.18
TOR2 2.28 2.35 2.50 0.094 5 1.91 2 2.09 0.074 5 1.18
LP5H 2.15 2.26 2.41 0.077 8 1.77 1.96 2.11 0.103 8 1.15
TOR3B 1.85 1.88 1.94 0.052 3 1.54 1.78 1.90 0.165 4 1.06
TOR3A 1.63 1.85 2.03 0.104 24 1.62 1.82 1.98 0.097 24 1.02
TOR2 1.66 1.80 1.93 0.191 2 1.68 1.80 1.92 0.170 2 1.00
LP5H 1.75 1.88 2.03 0.119 4 1.68 1.78 1.99 0.144 4 1.06
TOR3B 2.58 2.66 2.80 0.074 6 1.65 1.74 1.95 0.109 6 1.53
TOR3A 2.32 2.64 2.85 0.111 29 1.27 1.74 1.91 0.074 27 1.52
LP5H 2.49 2.58 2.73 0.088 6 1.66 1.74 1.81 0.055 7 1.48
TOR3B 2.29 2.42 2.53 0.100 4 1.92 1.98 2.14 0.091 5 1.22
TOR3A 2.43 2.54 2.69 0.084 16 1.89 2.02 2.17 0.088 19 1.26
TOR2 2.46 2.50 2.53 0.049 2 1.89 1.96 2.03 0.070 3 1.28
LP5H 2 2.41 2.67 0.102 8 1.58 1.94 2.12 0.081 7 1.24
TOR3B 2.17 2.34 2.49 0.130 5 1.77 1.80 1.88 0.044 5 1.30
TOR3A 2.14 2.33 2.54 0.113 18 1.63 1.84 1.97 0.007 18 1.27
TOR2 2.11 2.22 2.32 0.148 2 1.75 1.76 1.76 0.098 2 1.26
LP5H 2.16 2.25 2.29 0.049 6 1.73 1.77 1.86 0.046 6 1.27
m3
L/W
Length Width
Locality
M1
M2
M3
m1
m2
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TABLE 7.4. Length and width of the upper molars of medium sized species of Cricetodon and the older species of His-
panomys. Units are given in mm. Min= minimum values; Max= maximum values; N= number of specimens.
Min Mean Max N Min Mean Max N
H. dispectus 2.79 3.15 3.46 27 1.77 1.98 2.24 27 Agustí, 1980
H. daamsi 3.01 3.36 3.58 3 1.70 1.92 2.04 5 Agustí et al., 2005
H. lavocati 3.56 3.69 3.88 6 2.09 2.22 2.34 7 Agustí, 1980
H. aguirrei 2.68 3.08 3.50 89 1.81 2.10 2.27 89 Sesé Benito, 1977
H. bijugatus 2.97 3.23 3.50 49 1.92 2.05 2.18 49 López-Antoñanzas and Mein, 2009
H. decedens 2.74 3.16 3.59 62 1.76 2.05 2.31 62 López-Antoñanzas and Mein, 2011
H. castelnovi 2.66 2.88 3.06 8 1.80 1.94 2.12 8 Aguilar et al., 1994
‘C'. fandli 2.90 3.04 3.20 4 1.90 1.92 1.97 4 Prieto et al., 2010
C. bolligeri 2.96 3.20 3.44 89 1.85 2.02 2.20 89 Rummel, 1995
C. cariensis 3.25 3.33 3.40 3 1.85 2.03 2.15 3 Sen and Ünay, 1979
C. jotae 2.69 2.96 3.18 19 1.80 2.00 2.18 19 pers. obs.
C. pasalarensis 2.76 2.94 3.21 19 1.69 1.85 1.99 19 Rummel, 1998
C. meini 2.58 2.90 3.13 105 1.82 1.96 2.11 105 Mein and Freudenthal, 1971b
C. candirensis 2.85 3.10 3.36 21 1.84 1.99 2.22 21 Rummel, 1998
H. dispectus 2.04 2.35 2.59 23 1.71 1.92 2.14 23 Agustí, 1980
H. daamsi 2.25 2.61 2.75 6 1.83 1.97 2.20 9 Agustí et al., 2005
H. lavocati 2.41 2.56 2.75 4 2.05 2.12 2.23 4 Agustí, 1980
H. aguirrei 2.04 2.35 2.63 93 1.68 1.92 2.27 93 Sesé Benito, 1977
H. bijugatus 2.30 2.47 2.61 42 1.80 1.92 2.07 42 López-Antoñanzas and Mein, 2009
H. decedens 2.14 2.43 2.69 54 1.72 1.92 2.23 54 López-Antoñanzas and Mein, 2011
H. castelnovi 2.06 2.18 2.29 15 1.61 1.74 1.85 15 Aguilar et al., 1994
‘C'. fandli 2.22 2.30 2.43 4 1.78 1.82 1.88 2 Prieto et al., 2010
C. bolligeri 2.21 2.43 2.65 83 1.79 1.95 2.12 83 Rummel, 1995
C. cariensis 2.65 2.70 2.75 2 1.80 1.90 2.00 2 Sen and Ünay, 1979
C. jotae 2.08 2.24 2.41 8 1.76 1.89 2.01 8 pers. obs.
C. pasalarensis 2.01 2.14 2.35 27 1.63 1.97 1.80 27 Rummel, 1998
C. meini 2.04 2.24 2.41 106 1.71 1.92 2.12 106 Mein and Freudenthal, 1971b
C. candirensis 2.03 2.26 2.53 17 1.73 1.89 2.04 17 Rummel, 1998
H. dispectus 1.52 1.65 1.75 6 1.52 1.59 1.69 6 Agustí, 1980
H. daamsi 1.83 1.95 2.01 6 1.73 1.78 2.04 7 Agustí et al., 2005
H. lavocati 1.78 1.90 2.01 4 1.74 1.86 1.98 4 Agustí, 1980
H. aguirrei 1.54 1.74 2.04 90 1.52 1.73 2.04 90 Sesé Benito, 1977
H. bijugatus 1.80 1.97 2.18 41 1.57 1.70 1.93 41 López-Antoñanzas and Mein, 2009
H. decedens 1.64 1.82 2.09 26 1.50 1.68 1.90 26 López-Antoñanzas and Mein, 2011
H. castelnovi 1.45 1.57 1.72 25 1.34 1.52 1.65 25 Aguilar et al., 1994
‘C'. fandli 1.73 1.87 1.95 6 1.57 1.69 1.82 6 Prieto et al., 2010
C. bolligeri 1.79 1.96 2.14 55 1.68 1.83 2.02 55 Rummel, 1995
C. cariensis — 2.45 — 1 — 1.95 — 1 Sen and Ünay, 1979
C. jotae 1.69 1.87 2.00 9 1.60 1.74 1.83 9 pers. obs.
C. pasalarensis 1.65 1.78 1.97 23 1.51 1.67 1.84 23 Rummel, 1998
C. meini 1.68 1.88 2.08 133 1.62 1.76 1.91 133 Mein and Freudenthal, 1971b
C. candirensis 1.85 2.00 2.25 14 1.58 1.69 1.79 14 Rummel, 1998
Species Source of data
M1
M2
M3
Length Width
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TABLE 7.5. Length and width of the lower molars of medium sized species of Cricetodon and the older species of His-
panomys. Units are given in mm. Min= minimum values; Max= maximum values; N= number of specimens.
Min Mean Max N Min Mean Max N
H. dispectus 2.29 2.59 2.90 19 1.48 1.70 1.89 19 Agustí, 1980
H. daamsi 2.45 2.67 2.94 9 1.55 1.72 1.95 10 Agustí et al., 2005
H. lavocati 2.53 2.82 2.98 8 1.85 1.89 2.01 8 Agustí, 1980
H. aguirrei 2.36 2.63 2.95 84 1.59 1.78 2.00 84 Sesé Benito, 1977
H. bijugatus 2.44 2.60 2.80 50 1.54 1.63 1.81 50 López-Antoñanzas and Mein, 2009
H. decedens 2.44 2.60 2.80 29 1.60 1.69 1.78 29 López-Antoñanzas and Mein, 2011
H. castelnovi 2.27 2.39 2.60 10 1.47 1.57 1.70 12 Aguilar et al., 1994
‘C'. fandli 2.35 2.43 2.55 2 1.55 1.66 1.77 4 Prieto et al., 2010
C. bolligeri 2.35 2.60 2.79 61 1.53 1.86 1.72 61 Rummel, 1995
C. cariensis 2.60 2.66 2.75 3 1.72 1.80 1.85 4 Sen and Ünay, 1979
C. jotae 2.05 2.44 2.68 28 1.50 1.63 1.82 28 pers. obs.
C. pasalarensis 2.22 2.42 2.57 16 1.46 1.60 1.70 16 Rummel, 1998
C. meini 2.19 2.41 2.57 90 1.42 1.57 1.73 90 Mein and Freudenthal, 1971b
C. candirensis 2.32 2.47 2.76 23 1.56 1.70 1.82 23 Rummel, 1998
H. dispectus 2.29 2.59 2.90 19 1.48 1.70 1.89 41 Agustí, 1980
H. daamsi 2.52 2.58 2.70 4 1.87 2.02 1.93 4 Agustí et al., 2005
H. lavocati 2.46 2.66 2.81 11 1.97 2.07 2.21 11 Agustí, 1980
H. aguirrei 2.18 2.48 2.77 101 1.77 2.02 2.27 101 Sesé Benito, 1977
H. bijugatus 2.40 2.54 2.74 43 1.65 1.83 1.93 43 López-Antoñanzas and Mein, 2009
H. decedens 2.27 2.48 2.69 34 1.80 1.94 2.08 34 López-Antoñanzas and Mein, 2011
H. castelnovi 2.32 2.35 2.39 12 1.71 1.76 1.84 14 Aguilar et al., 1994
‘C'. fandli 2.27 2.43 2.53 5 1.73 1.84 1.87 5 Prieto et al., 2010
C. bolligeri 2.19 2.52 2.71 59 1.75 1.91 2.01 59 Rummel, 1995
C. cariensis 2.65 2.68 2.70 4 1.90 2.02 2.10 5 Sen and Ünay, 1979
C. jotae 2.22 2.39 2.65 27 1.72 1.87 2.07 27 pers. obs.
C. pasalarensis 2.09 2.26 2.41 29 1.61 1.75 1.92 29 Rummel, 1998
C. meini 2.14 2.33 2.51 88 1.71 1.83 2.05 88 Mein and Freudenthal, 1971b
C. candirensis 2.21 2.40 2.58 17 1.70 1.82 1.90 17 Rummel, 1998
H. dispectus 1.87 2.13 2.33 27 1.49 1.71 1.89 27 Agustí, 1980
H. daamsi 2.38 2.47 2.60 4 1.72 1.88 1.98 5 Agustí et al., 2005
H. lavocati 2.43 2.54 2.74 5 1.88 1.98 2.00 5 Agustí, 1980
H. aguirrei 1.95 2.18 2.45 78 1.54 1.75 1.97 78 Sesé Benito, 1977
H. bijugatus 2.32 2.47 2.72 39 1.58 1.68 1.80 39 López-Antoñanzas and Mein, 2009
H. decedens 1.92 2.23 2.42 25 1.63 1.79 1.93 25 López-Antoñanzas and Mein, 2011
H. castelnovi 1.90 2.09 2.20 5 1.57 1.64 1.74 5 Aguilar et al., 1994
‘C'. fandli 2.08 2.23 2.32 7 1.60 1.69 1.78 7 Prieto et al., 2010
C. bolligeri 2.16 2.36 2.63 44 1.76 1.88 2.03 44 Rummel, 1995
C. cariensis 2.08 2.65 2.74 4 1.70 1.87 2.00 5 Sen and Ünay, 1979
C. jotae 2.20 2.30 2.43 10 1.66 1.83 1.99 10 pers. obs.
C. pasalarensis 2.10 2.30 2.50 32 1.48 1.66 1.89 32 Rummel, 1998
C. meini 2.05 2.36 2.77 101 1.56 1.80 2.09 101 Mein and Freudenthal, 1971b
C. candirensis 2.23 2.34 2.45 12 2.58 1.66 1.75 12 Rummel, 1998
Species Source of data
m1
m2
m3
Length Width
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“The prolonged difference (MN 7/8-12) between an Asiatic/
Eastern European group of species, type 4, classified in Byzantinia 
and a Southwest European group of species, type 5, classified in 
Hispanomys and Ruscinomys, suggests that there must have 
been an effective barrier between these two areas during the late 
Miocene.”
 Hans de Bruijn & Engin Ünay
Resumen
En este capítulo se estudia la presencia de uno de los géneros de 
Cricetodontini en la Cuenca de Calatayud-Daroca. El género Hispanomys 
se ha encontrado en muchas localidades de la Península Ibérica, Francia, 
Europa central y occidental; su distribución estratigráfica está restringida 
entre el final del Mioceno medio y el comienzo del Mioceno superior. 
Las especies que se encuentran en la Cuenca de Calatayud-Daroca son 
Hispanomys aguirrei (biozona local G3, Aragoniense superior), H. lavocati 
(biozona local G3, Aragoniense superior), H. nombrevillae (biozona local 
H, Aragoniense superior-Vallesiense inferior), e H. aragonensis (biozona 
local I, Vallesiense inferior). Morfológicamente, estas cuatro especies se 
pueden dividir en dos grupos: Hispanomys aguirrei e H. lavocati presentan 
características típicas de las especies basales de Hispanomys. El otro grupo 
está formado por H. nombrevillae e H. aragonensis. Estas últimas especies 
son morfológicamente más homogéneas que las otras dos y debido a que 
todos sus caracteres son típicos de Hispanomys, son más fáciles de asignar a 
nivel genérico. El estadio evolutivo de estas especies es fácil de reconocer; 
Hispanomys nombrevillae tiene caracteres descritos como basales dentro de 
la tribu e H. aragonensis los tiene derivados. Los dos grupos de especies se 
originaron en el suroeste de Europa pero no parecen estar filogenéticamente 
relacionados entre sí. Se observa la tendencia propuesta previamente en la 
que se reduce el tamaño de la especies con el tiempo; Hispanomys aguirrei 
e H. lavocati son más antiguas y más grandes que H. nombrevillae e H. 
aragonensis. 
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Abstract
The presence of a genus of Cricetodontini in the Calatayud-Daroca 
Basin is reported. Hispanomys has been recovered from many localities in 
the Iberian Peninsula, France, central and western Europe; its stratigraphic 
distribution is restricted to the middle and the begining of the late 
Miocene. The species found in the Calatayud-Daroca Basin are Hispanomys 
aguirrei (local biozone G3, late Aragonian), H. lavocati (local biozone G3, 
late Aragonian), H. nombrevillae (local biozone H, late Aragonian-early 
Vallesian) and H. aragonensis (local biozone I, early Vallesian). Morpholo-
gically, these four species can be split in two groups: Hispanomys aguirrei 
and H. lavocati display characteristics typical of a basal Hispanomys and 
their generic assignation have required a detailed study of the material. 
The other group is formed by H. nombrevillae and H. aragonensis. They 
present more homogeneus morphology than the above-mentioned species 
and their taxonomical assignation is clearer because all their characters 
are typical of Hispanomys. The evolutionary stage of these species is easy 
to recognize; Hispanomys nombrevillae have characters described as basal 
within the tribe and H. aragonensis is more derived. Both groups of species 
were originated in southwestern Europe but they do not seem to be 
phylogenetically related. The trend previously stated of size decreasing in 
time is observed; Hispanomys aguirrei and H. lavocati are older and larger 
than H. nombrevillae and H. aragonensis.
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The genus Hispanomys Mein and Freudenthal, 1971a is a large-sized rodent of the family Cricetidae. It is characterized by its high hypsodonty; its well-developed ectolophs and its poorly-developed structures closing the valleys. Hispanomys 
contains 16 fossil species; four of them are present in the Calatayud-Daroca Basin (Freudenthal, 
1966; Mein and Freudenthal, 1971a; Álvarez-Sierra et al., 2003; López-Guerrero et al., 2008, 
2009) (Table 8.1). The oldest occurrence of the genus in Europe is quite controversial. Hispanomys 
castelnovi Aguilar et al., 1994 is described in the fissure filling of Castelnou 6. These authors placed 
the locality at the top of the MN6 (late Aragonian) and correlated it with the local biozone G2 
from Calatayud-Daroca (Aguilar et al., 1994). However, the material was recovered from a karstic 
fissure filling and the association described by Aguilar et al., (1994) could include fossils from a 
wide time range, so this date has to be carefully taken. Hispanomys decedens (Schaub, 1925) and 
H. bijugatus Mein and Freudenthal, 1971a were recovered from La Grive M and L3 respectively. 
This locality is also a fissure filling. The relative position of La Grive M and La Grive L3 is 
dubious. López-Antoñanzas and Mein, (2011) considered La Grive M the oldest fissure filling 
of La Grive-Saint Alban and is dated around 13 Ma (Maridet, 2002). However, Maridet (2003), 
considered La Grive L3 older than La Grive M based in the evolutionary stages of several rodent 
genera. Moreover, La Grive M can be biostratigraphically correlated with the middle part of the 
local biozone G3 (upper Aragonian) from the Calatayud-Daroca Basin (Peláez-Campomanes, 
pers., comm.). In any case, the oldest occurrence of the genera seems to be in La Grive-Saint Alban 
sites. The youngest occurrence is H. adroveri Agustí, 1986 from the locality JUN-2B (Canteras del 
Jun section, Granada Basin, Spain) which is placed in the middle Turolian (MN12; García-Alix 
et al., 2008).
As explained in chapter 5, Mein and Freudenthal (1971a), described new genera, subgenera 
and species when emended the original diagnosis of Cricetodon. One of the subgenera proposed 
was Hispanomys. This first diagnosis of Hispanomys was very general and partially referred to the 
mandible and incisive, elements that usually are absent in the fossil assemblages. Later on, Van 
de Weerd (1976) gave generic rank to Hispanomys and Ruscinomys. He synonimized some taxa 
and emended the diagnosis of Hispanomys. Since then, the generic status of Hispanomys and 
Ruscinomys were no longer discussed and is widely accepted. Focusing on the Calatayud-Daroca 
Basin, Freudenthal (1966) described H. nombrevillae and H. aragonensis in the lower Vallesian of 
Nombrevilla and Daroca areas. Álvarez-Sierra et al. (2003) presented the new localities of the 
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Toril-Nombrevilla section and they reported the presence of Cricetodon in the Aragonian and 
Hispanomys in the Vallesian, but they did not determinate which species were found. Therefore, 
the presence of Hispanomys in the late Aragonian from Nombrevilla section was not noticed until 
the revision of the fossil site of Nombrevilla 2 by López-Guerrero et al. in 2008. 
The species of the Calatayud-Daroca Basin provide very valuable information about the 
origins of Hispanomys and its relationship with Cricetodon.
TABLE 8.1. List of the described species of Hispanomys, type locality and their ages. The references for the age (MN zones) of 
the type localities are given in the fourth column.
Species Locality Age Original reference Reference for the age
H. adroveri Casa del Acero MN12 Agustí, 1986 Agustí, 1986
H. freudenthali Masada del Valle 2 MN12 Van de Weerd, 1976 Van de Weerd, 1976
H. baixasi Lo Fournas 16-M MN11 Aguilar et al., 2007 Aguilar et al., 2007
H. peralensis Peralejos C MN10 Van de Weerd, 1976 Van de Weerd, 1976
H. moralesi Batallones 10 MN10 López-Antoñanzas et al., 2010 López-Antoñanzas et al.,2010
H. mediterraneus Montredon MN10 Aguilar 1982 Aguilar, 1982
H. thaleri Can Llobateres MN9 Hartenberger, 1965 Hartenberger, 1965
H. aragonensis Pedregueras 2C MN9 Freudenthal, 1966 Daams et al., 1999
H. nombrevillae Nombrevilla 1 MN9 Freudenthal, 1966 Daams et al., 1999
H. dispectus Hostalets de Pierola MN7/8-MN9 Agustí, 1980 Agustí, 1980
H. daamsi Can Missert MN9 Agustí et al., 2005 Gómez Cano et al., 2011
H. lavocati Hostalets de Pierola MN7/8 Freudenthal, 1966 López-Antoñanzas and Mein, 2009
H. aguirrei Escobosa de Calatañazor MN7/8 Sesé in López-Martínez et al., 1977 Sesé Benito, 1977
H. bijugatus La Grive-Saint Alban, L3 MN7/8 Mein and Freudenthal, 1971a Mein and Freudenthal, 1971a
H. decedens La Grive-Saint Alban, L5' MN7/MN8  Schaub, 1925 López-Antoñanzas and Mein, 2009
H. castelnovi Castelnou 6 MN6? Aguilar et al., 1994 Aguilar et al., 1994
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MATERIAL & METHODS
The studied material includes 2,359 upper and lower molars of Hispanomys collected at 19 fossil sites from the Calatayud-Daroca Basin (Fig. 8.1). The fossils are housed at the Museo Nacional de Ciencias Naturales-CSIC (Madrid, Spain), 
the Naturalis Biodiversity Center (Leiden, The Netherlands), and the Instituut voor Aardwetens-
chappen, Utrecht Universiteit (The Netherlands).
Table 8.2 lists the studied localities, including the 
number of examined molars, the age of the localities, and 
their abbreviations. In order to complete the available 
information of the different species of Hispanomys, the 
type material of several species was studied personally 
(Table 8.3). The nomenclature used for the check teeth 
is the one described by Mein and Freudenthal (1971b) 
and modified by López-Guerrero et al. (2013). Length 
and width measurements for each specimen, given in mm, 
were taken using a Nikon Measuroscope 10 microscope 
with digital micrometer. Maximum length and width were 
measured following the procedure described in section II. 
(Material y Métodos). Descriptive statistics of metrical 
variables from all the studied localities and from the type 
localities of H. aguirrei (Escobosa de Calatañazor) and H. 
lavocati (Hostalets de Pierola) are given in tables 8.4 to 8.7. 
We built length/width scatter-diagrams for each element 
(Fig. 8.2-8.5) including also Cricetodontini with size 
similar to the studied species. Different statistical analyses 
were carried out in those localities that contain at least five 
data per dental element. These are the following: ANOVA 
test among the localities with H. aguirrei, including the 
data for the type locality, Escobosa de Calatañazor; 
Student´s t test for H. nombrevillae as well as for H. aragonensis, and finally, another Student´s t 
to compare the size of H. nombrevillae and H. aragonensis. The results of the different analyses are 
given in tables 8.8-8.10. The photographs were taken with an environmental Scanning Electron 
FIGURE 8.1. Geological map of the Calatayud-Da-
roca Basin. The square marks the situation of Daroca 
area (Modified after García-Paredes et al., 2010).
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Microscope FEI Quanta 200 at the Museo Nacional de Ciencias Naturales-CSIC (Madrid, 
Spain). The image processing was made using Adobe Photoshop software. 
TABLE 8.2. Material of Hispanomys from the Calatayud-Daroca Basin, studied localities, abbreviations for the localities and 
institutions where the fossils are stored (see institutional abbreviations). The localities are dated following Van Dam et al. (2006) 
and Van Dam et al. (in press.). Abbreviations: Abb, abbreviations for the localities; N, number of specimens.
Species Locality Abb. Collections M1 M2 M3 m1 m2 m3 N
9.98 Hispanomys  cf. aragonensis Nombrevilla 19 NOM19 MNCN — — — — — 1 1
10.38 Hispanomys  aragonensis Pedregueras 2C PED2C RGM 19 30 40 49 30 39 207
10.62 Hispanomys  aragonensis Pedregueras 2A PED2A IAUU 67 75 53 71 74 31 371
Hispanomys  aragonensis Pedregueras 1A PED1A IAUU 1 4 2 3 — 2 12
10.68 Hispanomys  cf. aragonensis Nombrevilla 14 NOM14 MNCN 2 1 2 1 — 1 7
10.72 Hispanomys  cf. aragonensis Nombrevilla 13 NOM13 MNCN 1 — — 1 1 — 3
Hispanomys  cf. aragonensis Nombrevilla 22 NOM22 MNCN — 2 2 1 — — 5
Total 90 112 99 126 105 73 605
Hispanomys  cf. nombrevillae Cañada 11 CAÑ9 MNCN — — 1 — — — 1
Hispanomys  nombrevillae Cañada 10 CAÑ10 MNCN — 2 1 2 — — 5
Hispanomys  cf. nombrevillae Cañada 9 CAÑ9 MNCN — 2 — 1 1 — 4
Hispanomys  cf. nombrevillae Cañada 8 CAÑ8 MNCN — 2 — — 2 — 4
10.77 Hispanomys  nombrevillae Nombrevilla 1 NOM1 IAUU/MNCN 19 19 15 25 23 23 124
11.18 Hispanomys  cf. nombrevillae Nombrevilla 10 NOM10 MNCN 2 3 5 2 2 2 16
11.21 Hispanomys  nombrevillae Nombrevilla 9 NOM9 MNCN 5 5 6 8 9 13 46
Total 26 33 28 38 37 38 200
11.33 Hispanomys  aguirrei Carrilanga 1 CARR1 RGM 25 27 27 27 31 24 161
11.80 Hispanomys  cf. aguirrei Nombrevilla 4 NOM4 MNCN 1 1 — — — 1 3
11.84 Hispanomys  cf. aguirrei Nombrevilla 3 NOM3 MNCN 3 3 — — 2 3 11
11.87 Hispanomys  aguirrei Nombrevilla 2 NOM2 MNCN 79 95 93 91 75 115 548
12.01 Hispanomys  aguirrei Solera SOL RGM 61 64 38 60 65 64 352
12.39 Hispanomys  cf. aguirrei Paje 2 PJE2 MNCN 6 1 4 6 5 4 26
12.26 Hispanomys  cf. aguirrei Paje 1 PJE1 MNCN 1 2 — 4 1 — 8
Total 176 193 162 188 179 211 1109
11.80 Hispanomys  cf. lavocati Nombrevilla 4 NOM4 MNCN 3 2 — 2 2 — 9
11.84 Hispanomys  cf. lavocati Nombrevilla 3 NOM3 MNCN 1 — 2 — — 1 4
11.87 Hispanomys lavocati Nombrevilla 2 NOM2 MNCN 76 71 85 57 57 86 432
Total 80 73 87 59 59 87 445
Hispanomys lavocati / Hispanomys  cf. lavocati
Hispanomys nombrevillae / Hispanomys  cf. nombrevillae
Hispanomys aguirrei / Hispanomys cf. aguirrei
 
Hispanomys aragonensis / Hispanomys cf. aragonensis
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Institutional Abbreviations—BSPG, Bayerische Staatssammlung für Paläontologie und 
Geologie, Munich (Germany); IAUU, Instituut voor Aardwetenschappen, Utrecht University (The 
Netherlands); MNCN, Museo Nacional de Ciencias Naturales-CSIC, Madrid (Spain); NHNB, 
Muséum d’Histoire Naturelle de Bâle (Switzerland); PM, Pásztó Múzeum, Pásztó (Hungary); 
RGM, Naturalis Biodiversity Center, former Rijksmuseum van Geologie en Mineralogie, Leiden 
(The Netherlands); UCM, Facultad de Geología, Universidad Complutense de Madrid (Spain).
TABLE 8.3. List of species personally studied for the comparison of Hispanomys from the Calatayud-Daroca Basin. 
They belong either to Hispanomys or Cricetodon. Species, type locality and institutions where the fossils are stored (see 
institutional abbreviations).
Species Locality Age Institution
H. aragonensis Pedregueras 2C MN9, biozone I IAUU
H. nombrevillae Nombrevilla 1 MN9, biozone H IAUU
‘C’. fandli Gratkorn MN9 BSPG
C. bolligeri Petersbuch 10 MN7/8 BSPG
H. lavocati Hostalets de Pierola MN7/8 ICP
H. aguirrei Escobosa de Calatañazor MN7/8 MNCN
‘C’. klariankae Felsótárkány-Felnémet MN7/8 PM
H. bijugatus La Grive-Saint Alban, L3 MN7/8 RGM
H. decedens La Grive-Saint Alban, L5' MN7/8 RGM
C. albanensis La Grive-Saint Alban MN7/8 RGM
C. sansaniensis Sansan MN6 MHNB
C. jotae Manchones MN6, biozone G2 IAUU
C. soriae SomosaguasN MN5, biozone E UCM
C. aureus Vieux-Collonges MN5 RGM
C. meini Vieux-Collonges MN5 RGM
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Order RODENTIA Bowdich, 1821
Order RODENTIA Bowdich, 1821
Family CRICETIDAE Fischer, 1817
Subfamily CRICETODONTINAE Stehlin and Schaub, 1951
Tribe CRICETODONTINI Simpson, 1945
Genus HISPANOMYS Mein and Freudenthal, 1971a
Diagnosis
Original Diagnosis (Mein and Freudenthal, 1971a:19, translated from 
French)—“[Medium-sized Cricetodontini, the upper incisors are provided with a weak longitudinal 
groove, and the upper molars have partial ectolophes; the M1 has a divided anterocone; four roots 
and often a trace of a fifth one which originates at the base of the large anterior root; the molars 
are slightly higher than in the subgenus Cricetodon but the hypsodonty value is never as high as 
it can be in Ruscinomys and Pseudoruscinomys. The size is smaller than that of Deperetomys and 
Pseudoruscinomys.]” 
Emended Diagnosis (Van de Weerd, 1976: 105)—“Cricetodontinae of medium size, with 
either incomplete or complete ectolophs. The M1 has either four or five roots. The anterocone of 
the M1 has an anterior groove. The anterolophid of the lower molars may be absent. The molars 
are slightly to moderately hypsodont. The depth of the groove in the upper incisor is variable”.
Diferential Diagnosis (Van de Weerd, 1976: 105)—“Most species of Hispanomys are 
larger than those of Cricetodon, the ectolophs of Hispanomys are better developed than those 
of Cricetodon and the M3 of Hispanomys are relatively smaller. Hispanomys has smaller and less 
hypsodont molars than Ruscinomys. The M3 of Hispanomys is less reduced than that of Ruscinomys. 
In contrast to Hispanomys, the teeth of Ruscinomys have always five roots and never show an 
anterolophid.” 
SYSTEMATIC PALEONTOLOGY
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Type species—Hispanomys aragonensis (Freudenthal, 1966)
Other species included—See table 8.1.
HISPANOMYS AGUIRREI (Sesé Benito, 1977 in López Martínez et al., 1977)
(Figs. 8.2; 8.6-8.8; Tables 8.2, 8.4; Appendix 8.1)
Material
Original Type Locality—Escobosa de Calatañazor, Duero Basin, Spain (MN7/8, upper 
Aragonian, middle Miocene).
Stratigraphic Range in the Calatayud-Daroca Basin—Local biozone G3 (MN7/8, upper 
Aragonian, middle Miocene). 
Geographical Range—Southwestern Europe.
Measurements—See table 8.4 and figure 8.2.
Diagnosis
Original Diagnosis (López Martínez et al., 1977:56, translated from Spanish)—
“[Medium-sized Cricetodon [sic]. The upper and lower M3 are more reduced than in C. jotae 
from Manchones and less reduced than in C. decedens nombrevillae [sic] from Nombrevilla. The 
metaconid is joined to the anteroconid through an anterior metalophulid on the m1. The m2 
develops three roots in most of the molars. The presence of well-developed ectolophs is very 
common in the upper cheek teeth. The posterior ectoloph is always present on the M1 and it is 
connected with the metacone in the 70% of the teeth, and the anterior ectoloph is present in the 
90%. It is connected with the paracone in the 50%. The posterior ectoloph is always present in the 
M2 and it is complete, approximately, in the half of the sample. Both mesoloph and mesolophid 
are reduced or absent. The upper incisors have a slight groove.]” 
HISPANOMYS AGUIRREI FROM THE CALATAYUD-DAROCA BASIN
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Description of the Material from Nombrevilla 2
M1—This molar has four roots. The anterocone is large and divided in two parts by a shallow 
groove on the anterior wall of the tooth. This groove does not reach the base of the anterocone 
and this cusp looks like single in worn teeth. A labial anteroloph is found in 20 out of 53 cases, 
extending through the protosinus. The anterolophule connects the protocone and the lingual 
part of the anterocone (Fig. 8.6A; 8.6D). A posterior protolophule connects the paracone with 
the anterior branch of the hypocone (Fig. 8.6A; 8.6D). The anterior protolophule and the labial 
spine of the anterolophule are absent (Fig. 8.6A; 8.6D). Almost all teeth have anterior ectoloph 
(62/65); it is composed by the posterior ectoloph of the anterocone (52/62; Fig. 8.6A) or it is 
double (10/62; Fig. 8.6D), composed also by the anterior ectoloph of the paracone. The anterior 
ectoloph forms a continuous connection between the anterocone and the paracone (is complete) 
in 30 out of 63 specimens, although this connection is lower than the labial cusps in eight cases 
(Fig. 8.6D). The posterior ectoloph is always present; it is composed by the posterior ectoloph 
of the paracone (43/61; Fig. 8.6A; 8.6D) or it is double, composed by the posterior ectoloph of 
the paracone and the anterior ectoloph of the metacone (18/61). The posterior ectoloph can be 
complete (32/58) or not (26/58; Fig. 8.6A; 8.6D). Eighteen out of 63 cases have mesoloph; it is 
short (5/18), long, but not exceeding the half of the mesosinus (3/18), or it can be an enlargement 
of the enamel (incipient) (10/18; Fig. 8.6A; 8.6D). The mesoloph is connected to the ectoloph in 
three out of 72 specimens. The anterior wall of the protocone sometimes shows a spine (6/19; Fig. 
8.6A). Three specimens possess entomesoloph, and it is disconnected to the longitudinal ridge. 
The metalophule is posterior and connected to the labial posteroloph (Fig. 8.6A; 8.6D). Both 
labial and lingual posterolophs are well developed (Fig. 8.6A; 8.6D). The anterosinus is closed by 
a low cingulum in 25 out of 57, by a cingulum (29/57; Fig. 8.6A; 8.6D), or it remains open. The 
mesosinus is always closed by a cingulum (Fig. 8.6A; 8.6D), which is low in 11 out of 57. The sinus 
is closed by a cingulum (8/62), by a style (12/62) or it remains open (42/62; Fig. 8.6A; 8.6D). The 
protosinus is closed by the lingual anteroloph (20/53), by a cingulum (17/53; Fig. 8.6A), by a style 
(14/53) or it remains open (2/53; Fig. 8.6D).
M2—The anterior ectoloph is present in 28 out of 78 cases; it is always composed by the 
posterior ectoloph of the anterocone. The anterior ectoloph is complete in 20 specimens, although 
in one of them this connection is lower than the labial cusps. All teeth have posterior ectoloph; 
it is simple, composed by the posterior ectoloph of the paracone (55/79; Fig. 8.6E), or by both 
anterior ectoloph of the metacone and posterior ectoloph of the paracone (24/79; Fig. 8.6E). The 
posterior ectoloph is complete in 17 out of 79 specimens. Only eight cases possess mesoloph, 
being incipient in four of them. One out of 80 molars displays a short entomesoloph. The anterior 
wall of the protocone develops a spine in 19/24 cases (Fig. 8.6B; 8.6E) and five teeth lack of 
it (Fig. 8.6A). Most of the M2 show labial posteroloph (55/57; Fig. 8.6B; 8.6E), whereas the 
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lingual posteroloph is less frequent (19/48; Fig. 8.6B; 8.6E). The protosinus is weak in 14 out of 
26 specimens (Fig. 8.6B; 8.6E) and it is closed by a low cingulum in one of them. The mesosinus 
is closed in 39 out of 44, by a low cingulum in 21(Fig. 8.6E), by a cingulum in 16 (Fig. 8.6B) and 
by two crests in the remaining two teeth. The sinus can be open (48/67; Fig. 8.6E), or closed by a 
cingulum (12/67; Fig. 8.6B), by two crests (2/67), or by a style (5/67). 
M3—It is reduced and the hypocone is barely distinguishable (Fig. 8.6C; 8.6F). The lingual 
anteroloph is weak (6/75; Fig. 8.6C; 8.6F). All specimens have a well-developed labial anteroloph 
(Fig. 8.6C; 8.6F). The anterior ectoloph is always absent but one case (1/75), where it is simple, 
composed by the anterior ectoloph of the paracone, and complete. The posterior ectoloph is always 
present; it is simple, composed by the posterior ectoloph of the paracone, in 38 out of 70 (Fig. 8.6C; 
8.6F); it is double, composed by both anterior ectoloph of the metacone and posterior ectoloph 
of the paracone, in 32 out of 70. In all specimens, the ectolophs start from the labial part of the 
cusps (Fig. 8.6C), but one, which starts from the protolophule (Fig. 8.6F). The posterior ectoloph 
can be complete (47/68) or not (21/68; Fig. 8.6C; 8.6F). The mesoloph, entomesoloph, enamel 
coated valley and neo-entoloph are absent (Fig. 8.6C; 8.6F). The axioloph is always continuous 
(Fig. 8.6C; 8.6F). Twenty out of 71 teeth possess posteroloph; it is well developed in eight of them 
(Fig. 8.6C) and incipient in 12 (Fig. 8.6F). The sinus is long, curved and directed forward in 28 
out of 40 cases (Fig. 8.6C; 8.6F); it is transversal in 10 molars.
m1—The anteroconid is rounded and situated on the longitudinal axis of the occlusal 
surface. The labial anterolophid is present in all cases but one, and it can reach the protoconid 
(22/56) or not (33/56; Fig. 8.7A; 8.7D). The lingual anterolophid is absent. All specimens but 
three have metalophulid I (Fig. 8.7A; 8.7D), and 34 out of 56 possess also the metalophulid II 
(Fig. 8.7D). Six out of 86 teeth show mesolophid (Fig. 8.7A; 8.7D); it is incipient in three and 
short in the other three. The ectomesolophid is absent. The posterolophid is an oval cusp rather 
than a ridge, due to a constriction on the posterior wall (Fig. 8.7A; 8.7D). The mesosinusid is 
blocked by a low cingulid in 19 out of 78 specimens; it is open in the remaining ones (Fig. 8.7A; 
8.7D). The sinusid is narrow, long and oblique (Fig. 8.7A; 8.7D); it is closed in almost all teeth 
(64/65), by a stylid in one, by a cingulid in 59 (Fig. 8.7A) and by two crests attached to the 
hypoconid and the protoconid in the remaining four specimens (Fig. 8.7D). The posterosinusid is 
blocked by a cingular ridge in 18 out of 44 cases; it is open in the rest (Fig. 8.7A; 8.7D).
m2—The posterior roots of the molar is slpit in 28 out of 29 cases; it is partially split in 16 
out of 28 and is completely split in 12. The labial branch of the anterolophid is always present (Fig. 
8.7B; 8.7E), but it does not reach the protoconid in three out of 44 teeth. Two out of 39 molars 
have a weak lingual anterolophid. Twenty-eight out of 72 specimens show mesolophid; it is short 
(23/28; Fig. 8.7B) or incipient (2/28); it is curved and connected with the metaconid in three 
out of 28 (Fig. 8.7E). Only two out of 75 teeth have ectomesolophid. The lingual posterolophid 
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is constricted behind the hypoconid and its lingual part is cuspidate (Fig. 8.7B; 8.7E). There is 
no lingual anterosinusid (Fig. 8.7B; 8.7E) and the mesosinusid is closed by a low cingulid in two 
out of 58 fossils; it remains open in the rest (Fig. 8.7B; 8.7E). The sinusid can be blocked by a 
cingulid in 43 out of 51 cases (Fig. 8.7B; 8.7E) or by two crests attached to the protoconid and 
the hypoconid in six out of 51; it is open in the rest. A weak labial posterosinusid is formed on 
the posterior wall of the hypoconid in 23 out of 27 teeth (Fig. 8.7E). The lingual posterolophid 
reaches the entoconid almost always (72/75; Fig. 8.7B; 8.7E).
m3—The labial branch of the anterolophid is always present and it reaches the protoconid 
in 74 out of 80 cases (Fig. 8.7C; 8.7F). Two specimens have lingual anterolophid. Thirty-four 
out of 101 teeth have mesolophid (Fig. 8.7F) and it is short (28/34) or long, but it does not 
exceed the half length of the mesosinusid (6/34). The ectomesolophid is absent. One tooth shows 
enamel coated valley. The lingual posterolophid is high and extends towards the entoconid. The 
hypolophulid is short and connected to the anterior branch of the hypoconid. The sinusid is closed 
in 59 out of 80 molars, by a cingulid in 54 (Fig. 8.7C), by a stylid in one, and by two crests attached 
to the protoconid and the hypoconid in four cases. The mesosinusid is closed by a low cingulid 
in three out of 101 specimens; it is open in the remaining ones (Fig. 8.7C; 8.7F). The lingual 
posterosinusid is closed in 43 out of 66 cases; it is blocked by a cingulid (4/43) or by the lingual 
posterolophid (39/43).
Hispanomys aguirrei from other sites in the Calatayud-Daroca Basin
The most characteristic features of the studied upper molars are: anterior ectoloph frequently 
double and complete, but also simple and incomplete; posterior ectoloph, frequently complete, 
composed by both anterior ectoloph of the metacone and posterior ectoloph of the paracone; 
cingula in the labial valleys on the M1 and poor-developed mesoloph, which is absent in the M3; 
posteroloph commonly present in the M3, and well developed in some specimens. For the lower 
molars: the presence of metalophulid I and II in the same specimen, or metalophulid I, in the m1; 
mesolophid and ectomesolophid highly reduced or absent, and three-rooted m2 (Appendix 8.1). 
Remarkable morphological differences among the material from the different studied sites 
are not observed. Hence, we consider that the whole studied sample belongs to the same species. 
However, there is certain degree of variability in several characters, or states of character, 
among the fossils from SOL, NOM2, and CARR. In general, these specimens possess differences 
in the frequencies of presence for a number of states of character. The specimens from SOL show 
more basal features than those from NOM2, whereas the material from CARR is more derived. 
For instance, from SOL to CARR, there is an increase of the complexity of the ectolophs. This 
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is shown by the percentage of double and complete ectolophs (Figs. 8.6, 8.8; Appendix 8.1). 
Almost half of the M1 and M2 from SOL display short mesoloph, whereas it is absent in most 
upper molars from CARR (Figs. 8.6, 8.8; Appendix 8.1). The sinus is open in fewer specimens 
from SOL than from CARR (Figs. 8.6, 8.8; Appendix 8.1). In CARR the M3 have posteroloph 
more frequently than in the rest of the sites (Figs. 8.6, 8.8; Appendix 8.1). The m1 from SOL still 
have metalophulid II, whereas most m1 from CARR have metalophulid I or both metalophulids 
(I+II) in the same specimen (Figs. 8.7, 8.8; Appendix 8.1). The mesolophid of the m2 and m3 is 
connected with the metacone in SOL and NOM2 but not in CARR (Figs. 8.7, 8.8; Appendix 
8.1). To sum up, features such as the short mesoloph, the metalophulid II in the m1, and the 
mesolophid connected with the metacone, are indicative of the basal morphology of the specimens 
from SOL. By contrast, traits such as the absence of mesoloph, the presence of metalophulid I in 
the m1, and the absence of mesolophid, indicate the more derived morphology of the material 
from CARR. 
Discussion
The studied specimens fit within the size range of Hispanomys aguirrei from its type locality 
Escobosa de Calatañazor (Duero Basin, Spain). The fossils from NOM2, were previously assigned 
to H. aguirrei by López-Guerrero et al. (2008), and those from NOM3 and NOM4 were already 
assigned to Hispanomys cf. aguirrei by López-Guerrero et al. (2009); here we maintain this 
adscription. Similarly, we consider that the fossils from PJE1 and PJE2 also belong to Hispanomys 
cf. aguirrei due to the scarce material available. The M1 from Paje localities are similar to those 
from Escobosa, but they present medium-length mesoloph and open protosinus in some some 
M1 which are not present in the type locality.
Hispanomys aguirrei was described by Sesé Benito (1977) in Escobosa de Calatañazor I, 
(Duero Basin, middle Miocene, MN7/8). This species was also recovered in Escobosa M and 
Escobosa G-2, (MN7/8). Sesé Benito diagnosed the new species in López-Martínez et al., 1977. 
However, detailed descriptions and discussion were presented in Sesé Benito (1977). She described 
the new species under the genus Cricetodon, and compared it with the other representatives of  the 
genus. Later on, Sesé Benito (1980) re-assigned the species to Hispanomys following Mein and 
Freudenthal (1971a) and Van de Weerd (1976). The reasons that the author gave are: “[Mein 
and Freudenthal 1971 created the subgenus Hispanomys within the genus Cricetodon which 
Weerd 1976 erected to genus category. The meaning of the genus Hispanomys, in the original 
diagnosis of Mein and Freudenthal, as well as in the emended diagnosis of Weerd is very wide. 
We include the species of Escobosa in this broad sense of the genus Hispanomys.]” (Sesé Benito, 
1980:261; translated from Spanish). Since then, this change is widely accepted (e.g., Agustí, 1982; 
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López-Guerrero et al., 2008, 2009; López-Antoñanzas et al., 2010, 2011).
Apart from the type locality, H. aguirrei was found in Nombrevilla 2, 3 and 4 (López-Guerrero 
et al., 2008, 2009). Hispanomys cf. aguirrei was also reported from the Abocador de Can Mata 
series in the Vallès-Penedès Basin, which is dated between 12.5 and 10.6 Ma (Alba et al., 2011).
The most characteristic traits of H. aguirrei from the Calatayud-Daroca Basin are: the 
slightly divided anterocone; the degree of development of the ectolophs; the absence of mesoloph 
on the M3; the presence of cingula on the labial valleys from the M1; the presence of styles on 
the sinus and protosinus of the M1; the absence of metalophulid II solely in the m1; and the 
frequencies of presence of metalophulid I, both metalophulids (I+II), and short mesolophids in 
the m1. Some of these are basal features for the tribe (Mein and Freudenthal, 1971a; Agustí, 
1982; Hír, 2007; López-Antoñanzas and Mein, 2009). By contrast, the ectolophs are double and 
frequently complete; and the labial anterolophid does not reach the protoconid in some m1 which 
are advanced traits.
Some characters are more frequent in the material from Escobosa de Calatañazor than 
in the Calatayud-Daroca Basin such as: the double ectoloph of the M1 and the mesoloph on 
the M2. Besides, the posterior ectoloph of the M3 is always complete in the material from the 
Duero Basin, but it emains uncompleted in some specimens from the Calatayud-Daroca Basin; 
moreover, the mesoloph is less frequent in the M3 from Escobosa.
The number of specimens from Escobosa and NOM2 are enough to consider that the 
differences in the relative frequencies of some states of character between both localities are not 
due to the sample size. According to the trends described for the tribe (Mein and Freudenthal, 
1971a; Agustí, 1982; Hír, 2007; López-Antoñanzas and Mein, 2009), these differences may reflect 
a more derived morphological pattern of the molars from Escobosa de Calatañazor. Therefore, the 
variations between both assemblages could be the result of changes through time according to the 
referred trends. The scatter-diagram (Fig. 8.2) indicates that the material from the Calatayud-
Daroca Basin is very similar to that from the type locality. However, the ANOVA test reveals 
particular significant differences between localities (Fig. 8.1; Table 8.8a), which have been evaluated 
by means of Post-Hoc tests (Table 8.8b). It can be observed that there are differences in length 
and width of the M1, M2, and m2, and SOL is the locality with higher number of significant 
differences. Figure 8.2 shows that SOL and PJE have the smallest size. These localities are also 
the youngest. This could reflect a trend towards size increase explaining the significant differences. 
Hispanomys aguirrei was assigned either to Cricetodon or to Hispanomys (e.g., Sesé Benito, 
1977, 1980; Agustí et al., 2005; López-Guerrero et al., 2008). The species could fit in any of these 
genera; it depends on the importance given to a particular character. Thus, the generic assignation 
of H. aguirrei has to consider carefully every morphometrical character. Therefore, the study of H. 
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aguirrei from Calatayud-Daroca Basin is very important, providing valuable information about 
the intraspecific variability and the morphological trends of this species. This information will be 
incorporated in the cladistic analysis (chapter 10) and the posterior taxonomical discussion of the 
species H. aguirrei.
Similarly, chapter 10 treated the proposed phylogenetic relationships regarding H. aguirrei. 
As explained in chapters 6 and 7, Agustí (1982) proposed that C. jotae was the ancestor of H. 
aguirrei. He defined an evolutionary trend in C. jotae-H. aguirrei towards the development of the 
ectolophs, the increase of the hypsodonty and the reduction of the cingular formations. Another 
phylogenetic hypothesis involves Hispanomys lavocati (Freudenthal, 1966). Both H. aguirrei and 
H. lavocati co-occur in some localities such as NOM2, NOM3, and NOM4 (López-Guerrero 
et al., 2008, 2009). Hispanomys lavocati shows a general pattern (ectolophs always present in the 
upper molars, some of them double and frequently complete; absence of metalophulid II on the 
m1; and a three-rooted m2, being the posterior root completely split in most of them) which is 
more derived than H. aguirrei following the evolutionary trends described (Mein and Freudenthal, 
1971a; Agustí, 1982; Hír, 2007; López-Antoñanzas and Mein, 2009) and both species could be 
phylogenetically related. 
The main questions about H. aguirrei (its relationship with C. jotae and H. lavocati and its 
generic assignation) will be evaluated and discussed in chapter 10 through a cladistics analysis. 
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FIGURE 8.2. Length/Width scatter-diagrams of the cheek teeth of Hispanomys aguirrei and Hispanomys cf. aguirrei 
from the Calatayud-Daroca Basin. The data from the type locality, Escobosa de Calatañazor (Duero Basin, Spain), are 
also included. Abbreviations: See table 8.2.
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FIGURE 8.6. Upper molars of Hispanomys aguirrei and Hispanomys cf. aguirrei from the Calatayud-Daroca Basin. 
Hispanomys aguirrei: Nombrevilla 2: A, left M1, NOM2-1673 ; B, left M2, NOM2-1722; C, left M3, NOM2-1854; 
D, inverted right M1, NOM2-1601; E, left M2, NOM2-1785; F, inverted right M3, NOM2-1821. Hispanomys cf. 
aguirrei: Nombrevilla 3: G, inverted right M1, NOM3-01; H, inverted right M2, NOM3-11; Nombrevilla 4: I, left M1, 
NOM4-14. Paje 1 and 2: J, left M1, PJE2-95; K, left M2, PJE1-9; L, left M3, PJE2-100; M, inverted right M1, PJE2-
97; N, left M2, PJE2-52; O, left M3, PJE2-98. Scale bar equals 1 mm. 
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FIGURE 8.7. Lower molars of Hispanomys aguirrei and Hispanomys cf. aguirrei from the Calatayud-Daroca Basin. 
Hispanomys aguirrei: Nombrevilla 2: A, left m1 NOM2-1949, B, inverted right m2, NOM2-2006; C, inverted right 
m3, NOM2-2116; D, inverted right m1, NOM2-1922; E, left m2, NOM2-2037; F, m3, NOM2-2177. Hispanomys cf. 
aguirrei: Paje1: G, left m1, PJE1-14. Nombrevilla 3: H, inverted right m2, NOM3-21; I, inverted right m3, NOM3-46. 
Paje2: J, inverted right m1, PJE2-104; K, inverted right m2, PJE2-105; L, inverted right m3, PJE2-109; M, inverted 
right m1, PJE2-55; N, left m2, PJE2-57; O, left m1, PJE2-53. Scale bar equals 1 mm. 
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FIGURE 8.8. Hispanomys aguirrei from the Calatayud-Daroca Basin. Carrilanga. Upper molars: A, left M1, 
RGM568253; B, inverted right M2, RGM568301; C, left M3, RGM568383; D, inverted right M1, RGM568273; E, left 
M2, RGM568319; F, left M3, RGM568378; G, inverted right M1, RGM568260; H, inverted right M3, RGM568366. 
Lower Molars: I, left m1, RGM568286; J, inverted right m1, RGM568281; K, left m2, RGM568353; L, left m3, 
RGM568400; M, left m1, RGM568291; N, inverted right m2, RGM568333; O, inverted right m3, RGM568386. 
Scale bar equals 1 mm. 
206
Chapter 8
HISPANOMYS LAVOCATI (Freudenthal, 1966)
(Figs. 8.3; 8.9-8.10; Tables 8.2, 8.5)
Original Type locality—Hostalets de Pierola, Vallès-Penedès Basin, Spain (MN7/8, upper 
Aragonian, middle Miocene).
Stratigraphic Range in the Calatayud-Daroca Basin—local biozone G3, (MN7/8, upper 
Aragonian, middle Miocene).
Geographical range—Southwestern Europe.
Measurements—See Table 8.5.
Diagnosis
Original Diagnosis (Freudenthal, 1966:311)—“Larger than Cricetodon meini, decedens, 
etc. Comparable in size with Cricetodon sansaniensis. The typical decedens-pattern, the labial lophs 
connecting anteroloph, paracone and metacone, is [sic] well developed.”
HISPANOMYS LAVOCATI FROM THE CALATAYUD-DAROCA BASIN
Description of the Material from Nombrevilla 2
M1—This molar has four roots and a sinuous outline. The anterocone is large; it is divided 
in two parts by a shallow groove. The connection between protocone and anterocone is through 
the anterolophule, which is connected to the lingual part of the anterocone (Figs. 8.9A; 8.9D). A 
posterior protolophule connects the paracone with the posterior branch of the protocone (Figs. 
8.9A; 8.9D). The anterior protolophule and the labial spine of the anterolophule are absent (Figs. 
8.9A; 8.9D). The anterior ectoloph is always present; it is composed by the posterior ectoloph of 
the anterocone (46/6; Figs. 8.9A; 8.9D) or it is double, composed by the posterior ectoloph of the 
anterocone and the anterior ectoloph of the paracone (20/66). The anterior ectoloph is complete in 
42 out of 68 fossils. The posterior ectoloph is always present, composed by the posterior ectoloph 
of the paracone (15/60; Figs. 8.9A; 8.9D); it is double, composed by the posterior ectoloph of 
the paracone and the anterior ectoloph of the metacone, in 45 out of 60 specimens (Figs. 8.9A; 
8.9D). The posterior ectoloph is complete in 54 out of 60 cases (Figs. 8.9A; 8.9D). Nine out of 
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61 teeth have mesoloph, which is incipient in four; it is clearly short in three, and long, but not 
reaching the labial border, in two. The enamel coated valley and the entomesoloph are absent (Figs. 
8.9A; 8.9D). One specimen possess a crest in the mesosinus that connects the ectoloph with the 
longitudinal crest (Fig. 8.9G). All teeth display labial posteroloph (Figs. 8.9A; 8.9D), whereas the 
lingual posteroloph is absent in nine out of 25 (Figs. 8.9A; 8.9D). The anterosinus is always closed, 
by a cingulum (28/53; Fig. 8.9D), by a low cingulum (4/53; Fig. 8.9A), or by a style (21/53). The 
mesosinus is blocked by a cingulum (62/63; Figs. 8.9A; 8.9D) or by a style (1/63). The sinus is 
open in 21 out of 62 molars (Figs. 8.9A; 8.9D); it can be blocked by a cingulum (24/63), by a 
style (14/63), or by two crests attached to the hypocone and protocone respectively (3/63). The 
protosinus is mostly closed (57/59); it can be blocked by a cingulum (32/57; Fig. 8.9D), by a crest 
attached to the anterocone (20/57; Fig. 8.9A), or by a style (5/57). 
M2—The anterior ectoloph is present in 15 out of 56 cases; it is always complete and 
composed by the anterior ectoloph of the paracone. All teeth have posterior ectoloph, which is 
composed by a posterior ectoloph of the paracone (29/59; Fig. 8.9E) or by the posterior ectoloph 
of the paracone and the anterior ectoloph of the metacone (30/59; Fig. 8.9E). The posterior 
ectoloph is complete in 28 out of 59 (Fig. 8.9B). Only three out of 58 fossils have mesoloph 
(Figs. 8.9B, 8.9E); it is short in two cases, and incipient in one tooth. The entomesoloph and the 
enamel-coated valley are absent (Figs. 8.9B, 8.9E). There is a labial posteroloph (Fig. 8.9E) in 37 
out of 49 specimens. The lingual posteroloph is absent in 45 out of 52 molars and it is short in 
the rest (Figs. 8.9B, 8.9E). The protosinus is weak but well distinguished (Figs. 8.9B, 8.9E) in all 
cases but one. The mesosinus is always blocked by a cingulum (Figs. 8.9B, 8.9E); it is low in four 
specimens. The sinus is open (15/56; Fig. 6.9B); it is closed by a cingulum (33/56; Fig. 8.9E) or 
by a style (8/56). 
M3—The lingual anteroloph is weak but clearly distinguishable in 22 out of 83 cases 
(Figs. 8.9C, 8.9F). The labial anteroloph is always present and well developed (Figs. 8.9C, 8.9F). 
The anterior ectoloph is mostly absent (75/76; Figs. 8.9C, 8.9F); it is composed by the posterior 
ectoloph of the paracone in one tooth. Most of the M3 possess posterior ectoloph (75/77); it can 
be simple (43/ 75; Figs. 8.9C, 8.9F) or double (32/75). The posterior ectoloph of the paracone 
can be attached to the paracone (47/75) or to the protolophule (28/75; Figs. 8.9C, 8.9F). In 56 
specimens the posterior ectoloph is complete. The longitudinal ridge is posteriorly interrupted, 
being the hypocone isolated (Figs. 8.9C, 8.9F). Only five out of 77 teeth have mesoloph; it is long 
and reaches the lingual border in 3 of them (Figs. 8.9C, 8.9F). One tooth displays enamel-coated 
valley. The axioloph is interrupted in 13 out of 77 molars (Figs. 8.9C, 8.9F) and the neo-entoloph 
is absent (Figs. 8.9C, 8.9F). In 56 out of 77 cases there is a well-developed posteroloph (Figs. 
8.9C, 8.9F). The sinus is long, narrow, and straight (Figs. 8.9C, 8.9F).
m1—The labial anterolophid do not reach the protoconid in some specimens (15/49; Figs. 
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8.10A, 8.10D). The labial anterolophid connects the anteroconid with the protoconid in 34 out 
of 49 teeth. The lingual anterolophid is absent (Figs. 8.10A, 8.9D). The metalophulid I is always 
present (Figs. 8.10A, 8.10D), whereas the metalophulid II is always absent. In 21 out of 53 cases 
there is a mesolophid; it is short in 16 and incipient in five. The ectomesolophid is absent (Figs. 8. 
10A, 8.10D). The mesosinus is blocked by a low cingulid (7/51; Fig. 8.10D) or by a stylid (1/51); 
it is open in the rest (Fig. 8.10A). The sinusid is narrow and long. It is backwards directed (Figs. 8. 
10A, 8.10D); it can be blocked by a low cingular ridge (24/45; Fig. 8.10D), by two crests attached 
to the hypoconid and the protoconid (17/45), or open (4/45; Fig. 8.10A). The posterosinusid is 
blocked by a cingular ridge in three out of 52 fossils (Fig. 8.10A); it is open in the remaining ones 
(Fig. 8.10D).
m2—This molar has always three roots; the posterior one can be completely (6/16) 
or partially split (10/16). The labial branch of the anterolophid is well developed and always 
reaches the protoconid (Figs. 8.10B, 8.10E). The lingual anterolophid is absent (Figs. 8.10B, 
8.10E). Twenty-nine out of 51 teeth have mesolophid; it can be short (26/51; Fig. 8.10E), or 
incipient (3/51). The ectomesolophid is absent (Figs. 8.10B, 8.10E). There is no anterosinusid 
and the mesosinusid is blocked by a low cingular ridge in 15 out of 47 cases (Figs. 8.10B, 8.10E), 
and is open in the remaining ones. The sinusid is closed by a cingulid (27/46) or by two crests 
attached to the hypoconid and protoconid respectively (19/46; Figs. 8.10B, 8.10E). A weak labial 
posterosinusid is formed on the posterior wall of the hypoconid in most specimens (55/57; Figs. 
8.10B, 8.10E). The lingual posterolophid always reaches the entoconid (Figs. 8.10B, 8.10E).
m3—The labial branch of the anterolophid is long and reaches the protoconid (Figs. 8.10C, 
8.10I). The lingual branch of the anterolophid is absent (Figs. 8.10C, 8.10I). The mesolophid 
is present in 13/72 specimens; it is short and develops a second branch in seven cases. The 
ectomesolophid is absent (Figs. 8.10C, 8.10I). The hypolophulid, which is short, is connected to 
the anterior branch of the hypoconid (Figs. 8.10C, 8.10I). The mesosinusid is open in 24 out of 68 
teeth (Figs. 8.10C, 8.10I) or closed by a low cingulid (44/68). The sinusid is blocked in 59 out of 
71 fossils; it can be closed by a cingulid (52/59; Figs. 8.10C, 8.10I), by two crests attached to the 
hypoconid and protoconid respectively (5/59), or by a stylid (2/59). The lingual posterolophid is 
high and reaches the entoconid (Figs. 8.10C, 8.10I).
Discussion
The material of H. lavocati found in NOM2, NOM3, and NOM4 was already studied by 
López-Guerrero et al. (2008, 2009). These assemblages are morphometrically homogeneous (Figs. 
8.3, 8.9, 8.10; Table 8.5). There are only three differences between NOM2, NOM3, and NOM4. 
The m3 from NOM3 shows lingual anterolophid; the anterior ectoloph of the M2 from NOM4 
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is formed by the anterior ectoloph of the paracone and the posterior ectoloph of the anterocone 
and the sinus of one m2 from NOM4 is closed by a stylid. López-Guerrero et al. (2008, 2009) 
compared H. lavocati with the other large sized species of Cricetodontini and with H. aguirrei. 
We maintain here the assignation of the fossils from NOM2 to H. lavocati and the material from 
NOM3, and NOM4 to Hispanomys cf. lavocati
Hispanomys lavocati (Freudenthal, 1966) is one of the first described Cricetodontini in the 
Iberian Peninsula. The holotype comes from the lower levels of Hostalets de Pierola (MN7/8) 
and is also found in Sant Quirze from the Vallès-Penedès Basin. The taxonomy of this species has 
been very controversial and its generic assignation differs from one study to another. Hispanomys 
lavocati was firstly included within the genus Cricetodon by Freudenthal (1966). Due to its high 
hypsodonty, well-developed ectolophs and big size, Mein and Freudenthal (1971a) placed it in 
the subgenus Pseudoruscinomys. Later, Pseudoruscinomys is synonymized with Ruscinomys by Van 
de Weerd (1976) because its “diagnostic features” are present in both Hispanomys and Ruscinomys. 
Some of the species of Pseudoruscinomys were included in Hispanomys and part in Ruscinomys. 
Agustí (1977) ascribed this species to Hispanomys but later on (Agustí, 1980) studied the fossils 
from Hostalets de Pierola concluding that the material belonged to two species that differ in size. 
The small species was described as Hispanomys dispectus, and the large-sized species referred as 
‘Cricetodon’ lavocati. He pointed out that ‘Cricetodon’ lavocati could not be included in Cricetodon 
due to its well-developed ectolophs but neither in Hispanomys because of its large size and 
non-reduced M3. Therefore, Agustí (1980) defined a new subgenus, Pararuscinomys, to allocate 
the “large species” from Hostalets de Pierola. However, this change was not followed by other 
authors and recently, Casanovas-Vilar and Agustí (2007) named the large species from Hostalets 
de Pierola as H. lavocati (Table 8.11). This question will be addressed in chapter 10 taking into 
account the results of the cladistic analysis.
In the present work Hispanomys lavocati is considered a basal member of Hispanomys 
because it has some features in common with other species of this genus. These are: the sinuous 
contour; the poor development of cingular formations; the ectolophs well developed, specially 
the anterior ectoloph of the metacone; the anterocone completely split on the M1; the poorly 
developed labial anterolophid; the absent metalophulid II and the three-rooted m2. Similarly, it 
is considered as a basal species of the genus because it shows some of the ectolophs not complete; 
mesolophs in the upper molars; the non-reduced M3; a weak posteroloph on some M3 and some 
stylids in the lower molars.
There are two main hypotheses about the phylogenetic relationships of H. lavocati. The 
first one assumes an endemic origin from the Iberian Peninsula (Agustí, 1982) and the other 
hypothesis states that it probably has an Asiatic origin and represents a latest middle Miocene 
immigrant from Asia Minor (De Bruijn et al., 1993). Hispanomys lavocati from the Calatayud-
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Daroca Basin possess some features which have been found in the representatives of Cricetodon 
and Byzantinia from Anatolia such as: a large anterocone and a short cingulum between the lobes 
in some M1. That supports the possible Asian origin of H. lavocati as well as the existence of a 
possible common ancestor between Byzantinia and Hispanomys. These questions will be discussed 
in the chapter 10. A cladistic analysis and a posterior paleobiogeographical discussion could 
confirm these hypotheses.
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FIGURE 8.3. Length/Width scatter-diagrams of the cheek teeth of Hispanomys lavocati and Hispanomys cf. lavocati 
from the Calatayud-Daroca Basin. Abbreviations: See table 8.2.
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FIGURE 8.9. Upper molars of Hispanomys lavocati  and Hispanomys cf. lavocati from the Calatayud-Daroca Basin. 
Hispanomys lavocati: Nombrevilla 2: A, left M1, NOM2-1073; B, inverted right M2, NOM2-1114; C, inverted right 
M3, NOM2-1200; D, left M1, NOM2-1035; E, left M2, NOM2-1140; F, left M3, NOM2-1275; G, left M1, NOM2-
1067; H, left M2, NOM2-1156; I, left M3, NOM2-1255; J, left M1, NOM2-1044. Hispanomys cf. lavocati: Nombre-
villa 4: K, left M2, NOM4-21; Nombrevilla 3: L, left M3, NOM3-36; M, inverted right M1, NOM4-12. Scale bar 
equals 1 mm. 
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FIGURE 8.10. Lower molars of Hispanomys lavocati and Hispanomys cf. lavocati from the Calatayud-Daroca Basin. 
Hispanomys lavocati  Nombrevilla 2: A, left m1, NOM2-1329; B, inverted right m2, NOM2-1415; C, inverted right 
m3, NOM2-1526; D, inverted right m1, NOM2-1318; E, left m2, NOM2-1445; F, left m3, NOM2-1569; G, left m1, 
NOM2-1343; H, left m2, NOM2-1424; I, left m3, NOM2-1574; J, inverted right m3, NOM2-1523; K, left m2, 1437. 
Hispanomys cf. lavocati: Nombrevilla 4: L left m3, NOM4-40; M, left m1, NOM4-04. Scale bar equals 1 mm.
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HISPANOMYS NOMBREVILLAE (Freudenthal, 1966)
(Figs. 8.4; 8.11-8.12; Tables 8.2, 8.6, Appendix 8.2)
Original Type locality—Nombrevilla 1, Calatayud-Daroca Basin, Spain, local biozone H 
(MN9, lower Vallesian, upper Miocene).
Stratigraphical Range in the Calatayud-Daroca Basin—local biozone H (MN7/8-MN9, 
upper Aragonian-lower Vallesian, middle-upper Miocene). 
Geographical range—Southwestern Europe.
Measurements—See Table 8.6.
Diagnosis
Original Diagnosis (Freudenthal, 1966:3)—“Resembling Cricetodon decedens decedens 
[sic] Schaub, 1925, from La Grive in size and dental pattern. Mesolophs are absent, mesolophids 
are either absent or short. The lophs connecting the anteroloph, paracone and metacone are well 
developed. Smaller than C. sansaniensis Lartet, 1851 and C. meini Freudenthal, 1963. The width of 
the upper molars is smaller than in C. decedens decedens [sic]. Length/width ratio of upper molars 
smaller than in C. decedens aragonensis, nov. subsp., [sic]”.
Emended diagnosis—Small-sized Cricetodontini. The M1 has four roots. The anterior 
ectoloph is always present on the M1 and M2 and it can be absent on the M3; it is mainly 
composed by the posterior ectoloph of the anterocone and almost always complete. The anterior 
ectoloph can be also composed by both anterior ectoloph of the paracone and posterior ectoloph 
of the anterocone. The posterior ectoloph is always present in the upper cheek teeth; it is composed 
mainly by the posterior ectoloph of the paracone and the anterior ectoloph of the metacone; it is 
almost always complete. The mesoloph is absent in the M1 and M2 and in some M3. The main 
valleys are open or closed. The M3 is highly reduced and the hypocone and metacone are barely 
distinguishable. Half of the lower molars possess mesolophid; it is frequently poorly developed 
and can be connected with the metacone. The metalophulid I is always present, some specimens 
have also metalophulid II. Most m2 display three roots totally split. 
Differential diagnosis—Differs from ‘Cricetodon’ klariankae Hír, 2007, by its smaller size; 
absence of a lingual spine on the protosinus of the M1 and complete anterior ectoloph in all molars. 
Differs from ‘Cricetodon’ fandli Prieto, Böhme and Gross, 2010 by its smaller size and highly 
reduced M3. Differs from Hispanomys dispectus Agustí, 1980 by its less developed ectolophs in the 
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M1 and the presence of metalophulid II in the m1. Differs from H. daamsi Agustí, Casanovas-Vilar 
and Furió, 2005 by its lower size; its more reduced M3 and the presence of metalophulid II in the 
m1. Differs from H. lavocati (Freudenthal, 1966) by its smaller size; more developed and complete 
ectolophs in the upper molars and presence of metalophulid II in the m1. Differs from H. aguirrei 
(Sesé Benito, 1977 in López Martínez et al., 1977) by its smaller size; more developed ectolophs 
and absence of posteroloph in the M3. Differs from H. bijugatus Mein and Freudenthal, 1971a by 
its smaller size; presence of cingulum in the anterosinus and mesosinus and highly reduced M3. 
Differs from H. decedens (Schaub, 1925) by its absence of enamel-coated valley; more developed 
ectolophs and highly reduced M3 with posteroloph. Differs from H. castelnovi Aguilar, Calvet and 
Michaux, 1994 by its absence of metalophulid I in the m1; more developed ectolophs and deeply 
split anterocone. Differs from H. adroveri Agustí, 1986 by its smaller size; presence of four roots 
in the M1; presence of labial anterolophid in the m1 and less hypsodonty. Differs from H. baixasi 
Aguilar, Michaux and Lazzari, 2007 by its smaller size; presence of labial anterolophid in the m1; 
absence of metalophulid I in the m1 and more developed ectolophs. Differs from H. peralensis Van 
de Weerd, 1976 by its smaller size; presence of four roots in the M1 and absence of metalophulid 
I in the m1. Differs from H. moralesi López-Antoñanzas, Peláez-Campomanes, Álvarez-Sierra 
and García-Paredes, 2010 by its presence of labial anterolophid and absence of metalophulid I in 
the m1. Differs from H. mediterraneus, Aguilar 1982 by its lower size and presence of posteroloph 
in a highly reduced M3. Differs from H. thaleri (Hartenberger, 1965) by its smaller size; more 
developed posterior ectoloph; presence of enamel-coated valley and absence of metalophulid I in 
the m1. Differs from H. aragonensis (Freudenthal, 1966) by its less developed ectolophs; absence of 
enamel-coated valley; higher reduced M3 and presence of cingula surrounding the upper molars.
HISPANOMYS NOMBREVILLAE FROM THE CALATAYUD-DAROCA BASIN
Description of the Material from Nombrevilla 1.
M1—This molar has four roots. The anterocone is large and divided in two parts by a 
shallow groove in the anterior wall. These two parts are fused when the tooth is worn; however, 
a constriction on the enamel of the anterocone is always found. One tooth shows a labial 
anteroloph extended through the protosinus. A posterior protolophule connects the paracone 
with the posterior branch of the protocone. In eight out of 15 cases, the protolophule is transversal 
and connected to the longitudinal crest. The anterior protolophule and the labial spine of the 
anterolophule are absent. All the specimens have anterior ectoloph; it is composed by the anterior 
ectoloph of the paracone (6/15) or by the posterior ectoloph of the anterocone (2/15). In seven 
teeth the anterior ectoloph is double, composed by both anterior ectoloph of the paracone and 
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posterior ectoloph of the anterocone. The anterior ectoloph always forms a continuous connection 
between the anterocone and the paracone, although in one tooth this connection is lower than 
the labial cusps. The posterior ectoloph is always present; it is composed by the posterior ectoloph 
of the paracone (4/14) or by both anterior ectoloph of the paracone and posterior ectoloph of 
the metacone (10/14). The posterior ectoloph is always complete. There is no mesoloph, nor 
enamel-coated valley. The anterior wall of the protocone bears a ridge-like structure in eight out 
of 14 specimens. Two teeth possess entomesoloph. The metalophule is posterior and connected to 
the labial posteroloph. Both labial and lingual posteroloph are present. The anterosinus is closed by 
a cingulum (2/16) or by a low cingulum (13/16), and it is open in one case. The mesosinus is closed 
by a cingulum (5/16) or by a low cingulum (10/16), and it is open in one tooth. The sinus is mostly 
closed (8/17), by a cingulum (6/8), by a style (1/8) or by two crests attached to the hypocone and 
protocone respectively (1/8). The protosinus is closed by a cingulum (6/12) or by a style (5/12).
M2—The anterior ectoloph is always present and complete (Fig. 8.11H); it is composed by 
the posterior ectoloph of the anterocone (3/18), by the anterior ectoloph of the paracone (9/18) or 
by both (6/18; Fig. 8.11H). All teeth have posterior ectoloph and it is composed by the posterior 
ectoloph of the paracone (2/19) or by both posterior ectoloph of the paracone and anterior ectoloph 
of the metacone (17/19; Fig. 8.11H). The posterior ectoloph is always complete (Fig. 8.11H). The 
mesoloph, entomesoloph and enamel-coated valley are absent (Fig. 8.11H). The protocone always 
bears a ridge-like structure (Fig. 8.11H). Both labial and lingual posterolophs are found in all 
specimens (Fig. 8.11H). Eighteen out of 19 cases have lingual anterosinus; it is open (11/18) 
or closed by a low cingulum (7/18). The protosinus is weak but clearly distinguishable in all the 
molars but one; it is open (12/19) or closed by a style (7/19). The mesosinus is open (13/19; Fig. 
8.11H) or blocked by a low cingulum (6/19). The sinus is open (5/17; Fig. 8.11H) or closed by a 
cingulum (12/17). In one tooth the sinus is blocked by two crests attached to the hypocone and to 
the protocone, respectively (Fig. 8.11H). 
M3—The hypocone is barely distinguishable (Fig. 8.11I). The lingual anteroloph is absent 
(Fig. 8.11I). The labial anteroloph is always present (Fig. 8.11I); it is weak (3/12) or well developed 
(9/12; Fig. 8.11I). Nine out of 12 fossils possess anterior ectoloph; it is composed by the posterior 
ectoloph of the anteroloph (6/9) or by the anterior ectoloph of the paracone (3/9). The anterior 
ectoloph is always complete (Fig. 8.11I). All teeth have complete posterior ectoloph (Fig. 8.11I); 
it is composed by the posterior ectoloph of the paracone (1/12; Fig. 8.11I) or by both posterior 
ectoloph of the paracone and anterior ectoloph of the metacone (11/12; Fig. 8.11I). Only one 
tooth has mesoloph and it is short. The entomesoloph and the enamel-coated valley are absent 
(Fig. 8.11I). The axioloph is continuous (Fig. 8.11I) and the neo-entoloph is found in two out of 
12 cases. The posteroloph is absent (Fig. 8.11I). The sinus is long, curved and forward directed in 
the specimens without neo-entoloph (Fig. 8.11I) and is small and straight when the neo-entoloph 
is missing.
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m1—This molar has two roots. The labial anterolophid is a well-developed ridge that reaches 
the protoconid in 11 out of 17 specimens. The lingual anterolophid is usually absent (13/16); it 
is displayed in three and it is short. The metalophulid I is found in 16 out of 20 specimens. Both 
metalophulids, I and II, are present in the same tooth in four cases. Some teeth (9/20) have 
mesolophid; it can be an enlargement of the enamel (5/9) or short (4/9). The ectomesolophid 
is absent. The anterosinusid is open (12/15) or closed by the lingual anterolophid (3/15). The 
mesosinusid is open (5/21) or closed by a cingulum (16/21), which can be low (3/16). The sinusid 
is narrow and short; it is oblique and closed by a cingular ridge (17/19), by two crests attached to 
the hypoconid and the protoconid (1/19), or by a stylid (1/19). The posterosinusid is open (13/20) 
or blocked by a cingular ridge (7/20).
m2—This molar has three roots. The posterior root is totally (6/7) or partially split (1/7). 
The labial branch of the anterolophid is well developed and always reaches the protoconid. The 
lingual anterolophid is absent. The mesolophid is present in 13 out of 20 cases; it is short (6/13); 
curved and connected to the metaconid (6/13) or double (1/13). The ectomesolophid is absent. 
There is no lingual anterosinusid and the mesosinusid is open (4/19) or closed (15/19), either by a 
low cingulid (14/15) or by a stylid (1/15). The sinusid is always closed; it is blocked by a cingulid 
(10/13), by a stylid (2/13), or by two crests attached to the protocone and hypocone. A labial 
posterosinusid is formed on the posterior wall of the hypoconid in five out of 14 specimens, being 
well developed in one of them. The lingual posterosinusid is open (9/17), blocked by a cingular 
ridge (7/17), or blocked by the lingual posterolophid (1/17).
m3—The labial branch of the anterolophid is found in 18 out of 20 cases; it reaches the 
protoconid in 15 out of 18. The lingual branch of the anterolophid is barely present (1/20) and 
it does not reach the metaconid. Five out of 20 teeth possess a short mesolophid; it can develop 
a second branch (2/5). The ectomesolophid is absent. The lingual posterolophid is high and 
extends towards the entoconid. A short hypolophulid is connected to the anterior branch of the 
hypoconid. The sinusid is open (1/20) or closed (19/20); it is blocked by a cingulid (17/19) or 
by a stylid (2/19). The mesosinus is open (16/20) or closed by a low cingulid (4/20). The lingual 
posterosinusid is closed (13/16); it is blocked by a cingulid (12/13) or by a stylid (1/13).
Hispanomys nombrevillae from other sites in the Calatayud-Daroca Basin
The assemblages of H. nombrevillae found in the Calatayud-Daroca Basin do not display 
important changes in morphology or size. However, there is certain degree of variability in several 
characters, or states of character, that are considered as part of the variability of the species. A 
complete summary of the states of character found in the studied molars is presented in the 
Appendix 8.2. 
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Some differences are found in the fossils from NOM 9, mainly in the M1, which have not 
the anterior ectoloph complete. The mesosinus of the M2 is closed by a large cingulum in three 
out of seven specimens; the sinus is closed by a style in one case and there is an entomesoloph. 
The posteroloph is distinguishable in two out of four M3 (Fig. 8.11). One out of eight m1 has 
ectomesolophid. One m3 has long mesolophid and another one has the sinusid closed by two 
crests (Fig. 8.12).
In the rest of the localities, only four differences are found: in NOM10, one m1 has a 
weak ectomesolophid; one m1 from CAÑ9 has a double mesolophid (Fig 8.12); one M3 from 
CAÑ10 has not complete posterior ectoloph (Fig. 8.11) and one m1 from CAÑ10 lacks the labial 
anterolophid (Fig. 8.11).
The statistical analysis, Student’s t test, reveals that there are significant differences between 
the size of NOM1 and NOM9 in the length of the M2 and the width of the m1 (Fig. 8.4; Table 
8.13). Both samples show a large overlap in size (Fig. 8.4) but the M2 form NOM9 are longer 
than those from NOM1. Similarly, the m1 from NOM9 is slightly narrower than the fossils 
from NOM1. Given that the number of localities and the short stratigraphical distribution, it is 
difficult to assess whether these differences follow any evolutionary trend. Therefore, we maintain 
the specific assignation of the studied material and recommend taking this into account in further 
works.
Discussion
The fossils from Nombrevilla and the Cañada sections were already assigned to H. 
nombrevillae and Hispanomys cf. nombrevillae by López-Guerrero et al. (2009, 2011). But detailed 
morphological descriptions and measurements are provided in the present work. The fossils from 
NOM10, NOM9, CAÑ8, CAÑ9 and CAÑ10 share a number of features with those from the 
type locality of H. nombrevillae (NOM1) such as: the small size; the degree of development of the 
ectolophs; the poor-developed or absent mesolophs/ids; the reduction of the cingular formations 
and, more important, the reduction of the M3. Therefore, we decided to maintain the previous 
assignations of NOM9 and CAÑ10 as H. nombrevillae. The scarcity of the material and the 
absence of the M1 (highly diagnostic element) in NOM10, CAÑ8, CAÑ9 and CAÑ11 led us to 
leave the assignation in open nomenclature as Hispanomys cf. nombrevillae.
Hispanomys nombrevillae was firstly described by Freudenthal (1966) as a subspecies of 
Cricetodon decedens, but it was later allocated in Hispanomys by Mein and Freudenthal (1971a) 
being widely accepted (Agustí, 1982; Álvarez Sierra et al., 2003; López-Guerrero et al., 2009; 
López-Antoñanzas and Mein, 2009). Apart from the studied localities from the Calatayud-
219
Species of Hispanomys from the Calatayud-Daroca Basin
Daroca Basin, Hispanomys nombrevillae is also registered in the Vallesian deposits of the fissure 
filling from Molina de Aragón (Lacomba Andueza, 1988) but is unknown elsewhere. 
The morphology displayed by H. nombrevillae is clearly derived among the Cricetodontini: 
moderately hypsodonty; low size; poor-developed cingula/cingulids; trilobe contour; ectolophs 
always complete; short or absent mesolophs; highly reduced M3 without posteroloph; absence 
of metalophulid II in the m1 and three-rooted m2 (Mein and Freudenthal, 1971a; Agustí, 1982; 
Hír, 2007; López-Antoñanzas and Mein, 2009; Table 8.12). However, the same characteristics are 
considered basal within the genus Hispanomys. Therefore, Hispanomys nombrevillae is considered 
a basal member of the genus Hispanomys and it is more derived than any species of Cricetodon.
Several phylogenies explained the phylogenetic relationships of H. nombrevillae (Freudenthal, 
1966; Mein and Freudenthal, 1971a; Van de Weerd, 1976; Agustí, 1982). Two species were proposed 
as the ancestor of H. nombrevillae, the French H. bijugatus and the Iberian H. aguirrei. Hispanomys 
bijugatus possesses enamel-coated valley (Freudenthal, 1966; Agustí, 1980; López-Antoñanzas 
and Mein, 2009). This trait is used to establish many relationships (Freudenthal, 1966) since it 
were described only in French-related species. Thus, the absence of enamel-coated valley in H. 
nombrevillae theoretically precludes any relationship with H. bijugatus. Hispanomys nombrevillae 
was related with H. aguirrei because it possesses more basal characters and it is present in the 
immediately older localities from the Calatayud-Daroca Basin. Nevertheless, as described in 
chapter 7, the mosaic morphology of H. aguirrei supposes an additional difficulty for establishing 
the phylogenetic relationships among Cricetodontini. Therefore, we need a cladistic analysis to 
fully confirm or reject these hypotheses, hence, this question will be addressed in chapter 10.  
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FIGURE 8.4. Length/Width scatter-diagrams of the cheek teeth of Hispanomys nombrevilae and Hispanomys cf. nom-
brevillae from the Calatayud-Daroca Basin. The data from the type locality of Hispanomys aragonensis, Pedregueras 2C 
from Calatayud-Daroca Basin, are also included. Abbreviations: See table 6.2.
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FIGURE 8.11. Upper molars of Hispanomys nombrevillae and Hispanomys cf. nombrevillae from the Calatayud-Daroca 
Basin. Hispanomys nombrevillae: Nombrevilla 9: A, left M1, NOM9-01; B, left M2, NOM9-13; C, inverted right M3, 
NOM9-43; D, inverted right M3, NOM9-38; E, inverted right M2, NOM9-18; F, inverted right M3, NOM9-47. G, 
left M3, NOM9-48. Nombrevilla 1: H, left M2, NOM1-05; I, inverted right M3, NOM1-04. Cañada 10: J, inverted 
right M2, CAÑ10-03 K, inverted right M3, CAÑ10-05; Hispanomys cf. nombrevillae: Nombrevilla 10: L, left M3, 
NOM10-21: M, inverted right M3, NOM10-23; N, inverted right M3, NOM10-22. Scale bar equals 1 mm. 
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FIGURE 8.12. Lower molars of Hispanomys nombrevillae and Hispanomys cf. nombrevillae from the Calatayud-Daroca 
Basin. Hispanomys nombrevillae: Nombrevilla 9: A, inverted right m1, NOM9-22; B, left m2, NOM9-32; C, left m3, 
NOM9-37; D, inverted right m1, NOM9-23; E, inverted right m2, NOM9-36; F, inverted right m3, NOM9-49; G, 
left m1, NOM9-25; H, inverted right m1, NOM9-21. Nombrevilla 1: J, inverted right m1, NOM1-02; K, left m3, 
NOM1-03. Cañada 10: I, left m1, CAÑ10-20. Hispanomys cf. nombrevillae: Cañada 8: L, left m2, CAÑ8-23. Cañada 9: 
M, inverted right m1, CAÑ9-10. Nombrevilla 10: N, left m1, NOM10-31; O, left m1, NOM10-06.  Scale bar equals 
1 mm. 
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HISPANOMYS ARAGONENSIS (Freudenthal, 1966)
(Figs. 8.5; 8.13-8.14; Tables 8.2, 8.7, Appendix 8.3)
Material
Original Type locality—Pedregueras 2C, Calatayud-Daroca Basin, Spain, local biozone I 
(MN9, lower Vallesian, upper Miocene).
Stratigraphical Range in the Calatayud-Daroca Basin—local biozone H-local biozone I, 
(MN9, lower Vallesian, upper Miocene). 
Geographical range—Southwestern Europe.
Measurements—See Table 8.7
Diganosis
Original Diagnosis (Freudenthal, 1966:303)—“Closely related to the former subspecies. 
Length/width ratio of the upper molars considerably larger. The lophs connecting anteroloph, 
paracone and metacone are well developed. Mesolophs may be present. Mesolophids are better 
developed than in C. d. nombrevillae [sic]. Ectostylids are present in most m1 and in many m2.” 
Emended diagnosis—Small-sized Cricetodontini. The upper molars have well-developed 
ectolophs. These ectolophs are mainly double and always complete. The valleys are mainly blocked 
by low cingula, and the protosinus has styles. The M1 has four roots. The posterior ectoloph of the 
M2 is oblique and connects the metacone to the point where the posterior protolophule reaches 
the longitudinal crest. Half of the M1 possess lingual anterolophid but it is absent in the M2 and 
M3. The mesoloph and the enamel-coated valley are frequent in the M3. The M3 often shows 
a weak posteroloph. The lower molars have well developed labial anterolophid, but only some 
specimens display lingual anterolophid. The mesolophid is present in most of the lower molars 
and it can be double or connected with the metacone in some m2 and m3. The m1 frequently 
shows metalophulid I; some m1 have metalophulid I and II in the same specimen. The m2 has the 
posterior root completely split.
Differential diagnosis—Hispanomys aragonensis differs from ‘Cricetodon’ klariankae Hír, 
2007 by its smaller size and complete anterior ectoloph in all molars. Differs from ‘C’. fandli Prieto, 
Böhme and Gross, 2010 by its smaller size. Differs from Hispanomys dispectus Agustí, 1980 by its 
224
Chapter 8
less developed ectolophs in the M1 and the presence of metalophulid II in the m1. Differs from H. 
daamsi Agustí, Casanovas-Vilar and Furió, 2005 by its smaller size and presence of metalophulid 
II in the m1. Differs from H. lavocati (Freudenthal, 1966) by its smaller size; more developed and 
complete ectolophs in the upper molars and by the presence of metalophulid II in the m1. Differs 
from H. aguirrei (Sesé Benito, 1977 in López Martínez et al., 1977) by its smaller size and more 
developed ectolophs. Differs from H. bijugatus Mein and Freudenthal, 1971a by its smaller size; 
presence of metalophulid I without metalophulid II in the m1 and cingulum in the anterosinus and 
mesosinus. Differs from H. decedens (Schaub, 1925) by its absence of enamel-coated valley; more 
developed ectolophs and highly reduced M3 with posteroloph. Differs from H. castelnovi Aguilar, 
Calvet and Michaux, 1994 by its more developed ectolophs and deeply split anterocone. Differs 
from H. adroveri Agustí, 1986 by its smaller size; presence of four roots in the M1; presence of labial 
anterolophid in the m1 and less hypsodonty. Differs from H. baixasi Aguilar, Michaux and Lazzari, 
2007 by its smaller size; presence of labial anterolophid in the m1 and more developed ectolophs. 
Differs from H. peralensis Van de Weerd, 1976 by its smaller size and the presence of four roots in 
the M1. Differs from H. moralesi López-Antoñanzas, Peláez-Campomanes, Álvarez-Sierra and 
García-Paredes, 2010 by the presence of labial anterolophid in the m1; presence of metalophulid 
II and less hypsodonty. Differs from H. mediterraneus Aguilar, 1982 by its smaller size and the 
presence of enamel-coated valley. Differs from H. thaleri (Hartenberger, 1965) by its smaller size; 
the more developed posterior ectoloph and the presence of enamel-coated valley. Differs from 
H. nombrevillae (Freudenthal, 1966) by its more developed ectolophs; presence of enamel-coated 
valley; less reduced M3 and absence of cingula surrounding the upper molars.
HISPANOMYS ARAGONENSIS FROM THE CALATAYUD-DAROCA BASIN
Description of the Material from Pedregueras 2C.
M1—This molar has four roots. The anterocone is large and divided in two parts. Eight out 
of 17 cases have lingual anteroloph extended through the protosinus. The anterior protolophule 
and the labial spine of the anterolophule are absent. The anterior ectoloph is always present; it is 
composed by the posterior ectoloph of the anterocone (10/18) or by both posterior ectoloph of the 
anterocone and anterior ectoloph of the paracone (8/18). The anterior ectoloph is always complete, 
although in one specimen this connection is lower than the labial cusps. All fossils have posterior 
ectoloph; it is composed by the posterior ectoloph of the paracone (3/19) or by the posterior 
ectoloph of the paracone and the anterior ectoloph of the metacone (16/19). The posterior ectoloph 
is always complete. Some molars (3/16) display a long mesoloph which does not reach the labial 
border. The enamel-coated valley is present in four cases. The anterior wall of the protocone bears 
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a ridge-like structure in 13 out of 19 specimens. The entomesoloph is absent. The metalophule is 
posterior and connected to the labial posteroloph. Both labial and lingual posterolophs are well 
developed. The anterosinus is open (2/16) or closed by a low cingulum (14/16). The mesosinus is 
open (3/16) or closed by a low cingulum (13/16). The sinus is open (15/17), closed by a style (1/17) 
or by two crests attached to the hypocone and protocone, respectively (1/17). The protosinus is 
always closed; either by the lingual anteroloph (8/17), by a cingulum (4/17) or by a style (5/17).
M2—The anterior ectoloph is almost always present (28/29); it is composed by the anterior 
ectoloph of the paracone (5/28), by the posterior ectoloph of the anterocone (6/28), or by both 
ectolophs (17/28). The anterior ectoloph is always complete, although in four specimens it is lower 
than the labial cusps. The posterior ectoloph is always present; it is composed by the posterior 
ectoloph of the paracone and the anterior ectoloph of the metacone (20/29) or only by the 
posterior ectoloph of the paracone (9/29). The posterior ectoloph is always complete and it has an 
oblique position, connecting the metacone to the point where the posterior protolophule reaches 
the longitudinal crest. Only one tooth displays mesoloph, being part of the enamel-coated valley. 
Two teeth possess entomesoloph and it is short (1/2) or highly reduced (1/2). The anterior wall 
of the protocone bears a ridge-like structure in 19 out of 24 specimens. Both labial and lingual 
posterolophs are always present. The protosinus is weak in 14 out of 26 cases; it is closed by a 
low cingulum (1/29) or remains open (28/29). The mesosinus is open (13/29) or closed by a low 
cingulum (12/29), by a cingulum (3/29) or by a style (1/29). The sinus is open (25/27) or closed 
by a cingulum (2/27). 
M3—It is reduced and the hypocone is barely distinguishable. The lingual anteroloph 
is absent; six specimens have a constriction of the anterior wall of the protocone which is not 
considered as a true anteroloph. The labial anteroloph is always well developed. The anterior 
ectoloph is present in 12 out of 40 cases; it is composed by the anterior ectoloph of the paracone 
(6/12) or by the posterior ectoloph of the anterocone (6/12). The anterior ectoloph is complete in 
all fossils but one. The posterior ectoloph is present in most of the teeth (40/41). It is composed 
by the posterior ectoloph of the paracone (5/40) or by the posterior ectoloph of the paracone 
and the anterior ectoloph of the metacone (35/40). The posterior ectoloph is complete in all 
specimens but one. Some cases (6/40) show a mesoloph which can be short (4/6) or long (2/6), 
reaching the labial border in one case. The entomesoloph is absent. Only one out of 40 teeth have 
enamel-coated valley. The axioloph is continuous in 28 out of 37 and it is interrupted in nine. 
Three out of 40 specimens bear a neo-entoloph. The posteroloph is frequent (20/35); it can be well 
developed (8/20) or incipient (12/20). The sinus is long, curved and directed forwards in 28 out of 
40 cases; it is transversal in 10, and it is small and straight in two specimens. 
m1—The labial anterolophid is always present and reaches the protoconid in 20 out of 
46 specimens. The lingual anterolophid is absent. Fourteen out of 46 cases display metalophulid 
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I and four out of 46 have both metalophulids I and II together. The metalophulid I is joined 
to the anterolophule in some teeth (12/24), whereas it is joined to the anteroconid in the rest. 
Twenty-nine out of 46 fossils have mesolophid which is short (18/29) or reduced (11/29). The 
ectomesolophid is absent. The anterosinusid is mainly open (40/46); it is blocked by a stylid (2/46) 
or by a cingulid (4/46). The mesosinusid is open (34/47) or blocked by a cingulid (9/47), by a low 
cingulid (3/47) or by a stylid (1/47). The sinusid is narrow, long, and oblique; it is open (4/44) or 
closed by a stylid (21/44), by a cingulid (12/44), by two stylids (5/44) or by two crests attached 
to the hypoconid and the protoconid (2/44). The posterosinusid is open (26/44) or blocked by a 
cingular ridge (18/44).
m2—This molar has three roots. The posterior root is always totally split. The labial branch 
of the anterolophid is always present, but it does not reach the protoconid in three out of 25 
cases. Ten out of 22 specimens have a weak lingual anterolophid. Twenty-seven out of 30 cases 
show a short mesolophid. Five out of 27 teeth develop a second branch of the mesolophid; it is 
curved and connected with the metaconid in 12 out of 27 fossils. The ectomesolophid is absent. 
There is no lingual anterosinusid. The mesosinusid is open (11/28) or closed by a low cingulid 
(17/28). The sinusid is closed in all molars but one; it is blocked by a cingulid (13/26), by a stylid 
(11/26) or by two crests attached to the protoconid and the hypoconid (2/26). A weak labial 
posterosinusid is formed on the posterior wall of the hypoconid in 23 out of 27 specimens. The 
lingual posterosinusid is open (9/28), blocked by a cingular ridge (12/28) or blocked by the lingual 
posterolophid (5/28).
m3—The labial branch of the anterolophid is always present; it reaches the protoconid in 33 
out of 36 cases. The lingual anterolophid is displayed by 19 out of 37 fossils. It reaches the metaconid 
(4/19) or shows a constriction of the anterior wall (15/19). The mesolophid is present in 20 out of 
35 teeth; it is short (15/20) or connected to the metaconid (5/20). The ectomesolophid is absent. 
The lingual posterolophid is high and extends towards the entoconid. The short hypolophulid is 
connected to the anterior branch of the hypoconid. The sinusid is open (11/35) or closed (24/35); 
it is blocked by a cingulid (10/24), by a stylid (13/24) or by two crests attached to the protoconid 
and the hypoconid (1/24). The mesosinus is open (27/37) or closed by a low cingulid (10/37). The 
lingual posterosinusid is open (14/44) or closed (30/44); by a cingulid (11/30) or by the lingual 
posterolophid (19/30).
Hispanomys aragonensis from other sites in the Calatayud-Daroca Basin
The material of the localities from Pedregueras and Nombrevilla possess many morphological 
similarities (Figs. 8.13, 8.14; Appendix 8.3), there are differences in some structures, although 
the important features such as the degree of development of the ectolophs are similar in each 
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assemblage.
In general, the material from the older localities (NOM13, NOM19, NOM22) has more 
frequently closed valleys and larger structures than the fossils from PED2C. Besides, the upper 
molars from PED2A have higher frequency of mesoloph on the M1 and a style in the mesosinus 
of some M2 (Appendix 8.3). The m1 shows lingual anterolophid (11/53 in PED2A); a medium 
length mesolophid is present in the m1 (8/56 in PED2A; Fig. 8.14A) and m2 (14/44 in PED2A). 
Additionally, the m3 from PED2A has ectomesolophid. These differences point out that the 
fossils from the type locality (PED2C) show more derived morphological pattern, according 
to the trends described for the tribe (Mein and Freudenthal, 1971a; Agustí, 1982; Hír, 2007; 
López-Antoñanzas and Mein, 2009).
The statistical analysis performed here included the fossil sites PED2A and PED2C. The 
Student’s t test reveals significant differences in the length and the width for all elements but the 
M3 (Table 8.10). The scatter-diagram (Fig. 8.5) indicates that the larger elements from PED2A 
are absent in PED2C. This absence could produce these results in the statistical analysis.
Discussion
The material from the Pedregueras section assigned to H. aragonensis was already 
described in Freudenthal (1966) and López-Guerrero et al. (2009). The fossils from Nombrevilla 
are morphometrically very similar to those from Pedregueras. In particular, the material from 
NOM13 and NOM14 displays double and complete ectolophs in the M1; both labial and lingual 
posterolophs in the M1 and metalophulid I in the m1. The M2 from NOM22 has oblique ectoloph 
and the M3 is not much reduced. The m3 from NOM19 possesses a short hypolophulid which is 
connected to the anterior branch of the hypoconid. All these traits are diagnostic of H. aragonensis. 
However, some elements are still missing in NOM22, NOM13, NOM14 and NOM22. Because 
of that, we decided to name the specimens from Nombrevilla as Hispanomys cf. aragonensis.
Freudenthal (1966) established two new subspecies of Cricetodon decedens; Cricetodon 
decedens aragonensis was one of them. The generic adscription was later modified by Mein and 
Freudenthal (1971a), who described the new genus Hispanomys and designated H. aragonensis 
as the type species. Apart from the type locality PED2C, Freudenthal (1966) described PED1A 
and PED2A which contain H. aragonensis also and are stratigraphically situated in lower levels 
(Freudenthal and Sondaar, 1964).
Hispanomys aragonensis has characters which are considered derived for the Cricetodontini, 
such as: the high development of the ectolophs; reduced M3 and high frequency of metalophulid 
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I in the m1. By contrast, it shows: four-rooted M1; high frequency of mesolophs on the M1; labial 
anterolophid in the m1 and structures closing the valleys. The latter traits are considered basal 
according to the trends described for the genus Hispanomys (Agustí, 1982; Agustí et al., 2005). 
In addition, H. aragonensis shows the mesosinus and anterosinus markedly reduced and a sinuous 
outline. This sinuous contour was proposed as a derivate feature by Aguilar et al. (2007).
Hispanomys aragonensis is endemic from the Iberian Peninsula (Daams et al., 1998; De 
Bruijn et al., 1992) and its distribution in the Calatayud-Daroca Basin is limited to the lower 
Vallesian (local biozones H and I, MN9). A younger assemblage of Hispanomys cf. aragonensis is 
present in Torremormojón 1 (TM1) from the Duero Basin (local biozone Progonomys hispanicus, 
MN10, late Vallesian) (Álvarez Sierra, 1983; García-Moreno, 1987; Álvarez Sierra et al., 1990). 
The fossils from this site have shorter molars than those from PED2C, except for the M2. Besides, 
they lack mesolophids, and cingulids and stylids on the sinusids of the m3. Nevertheless, the 
differences in the relative frequency of this character cannot be fully discussed due to the small 
sample size of the assemblage from TM1 in comparison with those from the Calatayud-Daroca 
Basin.
Some authors (Mein and Freudenthal, 1971a; Agustí, 1982; López-Antoñanzas and Mein, 
2011) related H. aragonensis to H. decedens and stated that H. decedens could be the ancestor of H. 
aragonensis. Besides, Van de Weerd (1976) noted that H. peralensis could be the descendant of H. 
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FIGURE 8.5. Length/Width scatter-diagrams of the cheek teeth of Hispanomys aragonensis and Hispanomys cf. arago-
nensis from the Calatayud-Daroca Basin. Abbreviations: See table 6.2.
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FIGURE 8.13. Upper molars of Hispanomys aragonensis and Hispanomys cf. aragonensis from the Calatayud-Daroca 
Basin. Hispanomys aragonensis: Pedregueras 2A: A, left M1, RGM-567801; B, left M2, RGM-567984; C, inverted right 
M3, RGM-568041; D, left M1, RGM-567795; E, inverted rigth M2, RGM-567937; F, left M3, RGM-568063; G, 
inverted right M1, RGM-567763; H, inverted right M1, RGM-567756.  Hispanomys cf. aragonensis: Nombrevilla 14: 
I, inverted rigth M1, NOM14-01; J, inverted rigth M2, NOM14-05; K, inverted right M3, NOM14-10; L, inverted 
right M3, NOM14-09. Nombrevilla 22: M, inverted right M2, NOM22-01; N, inverted right M3, NOM22-12Scale 
bar equals 1 mm.
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FIGURE 8.14. Lower molars of Hispanomys aragonensis and Hispanomys cf. aragonensis from the Calatayud-Daroca 
Basin. Hispanomys aragonensis: Pedregueras 2A: A, left m1, RGM-567859; B, inverted right m2, RGM-567884; C, 
left m3, RGM-568030; D, inverted right m1, RGM-567824; E, inverted right m2, RGM-567890; F, left m3, RGM-
568031; G, inverted right m1, RGM-567851; H, left m2, RGM-567920; I, inverted right m3, RGM-567007; J, left 
m2, RGM-567293. Hispanomys cf. aragonensis: Nombrevilla 19: K, left m3, NOM19-01. Nombrevilla 14: L, left m1, 
NOM14-04; M, inverted right m3, NOM14-15; N, left m3, NOM14-14.  Scale bar equals 1 mm.
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TABLE 8.4. Length and width of the upper and lower molars of Hispanomys aguirrei and Hispanomys cf. aguirrei. Units 
are given in mm. Abbreviations: Min, minimum; Max, maximum; SD, standar deviation; N, number of specimens.
Min Mean Max SD N Min Mean Max SD N
Hispanomys  aguirrei CARR 2.81 2.96 3.17 0.076 15 1.96 2.03 2.15 0.053 16
Hispanomys  aguirrei ESC 2.62 3.08 3.54 0.146 77 1.64 1.97 2.27 0.108 79
Hispanomys  cf. aguirrei NOM4 3.01 3.01 3.01 1 2.02 2.02 2.02 1
Hispanomys  cf. aguirrei NOM3 2.88 2.96 3.03 2 2 2.04 2.08 2
Hispanomys  aguirrei NOM2 2.76 3.08 3.40 0.135 56 1.88 2.05 2.15 0.072 56
Hispanomys  aguirrei SOL 2.59 2.91 3.29 0.158 31 1.83 1.94 2.18 0.087 32
Hispanomys  aguirrei CARR 2.08 2.24 2.40 0.083 18 1.53 1.80 2.01 0.117 18
Hispanomys  aguirrei ESC 2.07 2.29 2.56 0.115 41 1.08 1.77 2.01 0.134 41
Hispanomys  cf. aguirrei NOM4 2.23 2.23 2.23 1 1.82 1.82 1.82 1
Hispanomys  cf. aguirrei NOM3 2.16 2.31 2.46 2 1.65 1.85 2.07 3
Hispanomys  aguirrei NOM2 2.14 2.37 2.65 0.116 72 1.74 1.92 2.06 0.075 72
Hispanomys  aguirrei SOL 1.97 2.17 2.42 0.106 38 1.69 1.88 2.17 0.121 41
Hispanomys  aguirrei CARR 1.57 1.70 1.80 0.078 23 1.44 1.60 1.78 0.088 23
Hispanomys  aguirrei ESC 1.51 1.73 1.95 0.096 35 1 1.57 1.84 0.086 35
Hispanomys  aguirrei NOM2 1.48 1.70 1.86 0.076 60 1.38 1.60 1.73 0.070 61
Hispanomys  aguirrei SOL 1.58 1.70 1.89 0.075 28 1.49 1.66 1.86 0.085 28
Hispanomys  aguirrei CARR 2.19 2.53 2.70 0.124 20 1.48 1.71 1.94 0.117 21
Hispanomys  aguirrei ESC 2.36 2.63 2.95 0.136 71 1.59 1.78 2 0.093 71
Hispanomys  aguirrei NOM2 2.36 2.57 2.77 0.103 72 1.55 1.73 1.93 0.087 74
Hispanomys  aguirrei SOL 2.22 2.48 2.82 0.143 40 1.53 1.66 1.96 0.101 43
Hispanomys  aguirrei CARR 2.22 2.38 2.60 0.109 18 1.67 1.84 2.02 0.097 22
Hispanomys  aguirrei ESC 2.38 2.55 2.72 0.132 43 1.83 1.94 2 0.134 43
Hispanomys  cf. aguirrei NOM3 2.39 2.39 2.39 1 1.80 1.86 1.91 0.077 2
Hispanomys  aguirrei NOM2 2.20 2.42 2.67 0.114 46 1.76 1.92 2.07 0.087 46
Hispanomys  aguirrei SOL 2.17 2.36 2.55 0.098 35 1.58 1.85 2.13 0.117 42
Hispanomys  aguirrei CARR 2.05 2.23 2.41 0.100 18 1.44 1.71 1.91 0.118 19
Hispanomys  aguirrei ESC 2.05 2.20 2.42 0.098 28 1.91 1.65 1.30 0.111 28
Hispanomys  cf. aguirrei NOM4 2.21 2.21 2.21 1 1.69 1.69 1.69 1
Hispanomys  cf. aguirrei NOM3 2.20 2.00 2.26 0.042 2 1.67 1.73 1.79 0.084 2
Hispanomys  aguirrei NOM2 2.00 2.23 2.50 0.112 76 1.55 1.77 1.91 0.084 76
Hispanomys  aguirrei SOL 1.97 2.20 2.46 0.119 43 1.47 1.74 1.89 0.082 43
m2
m3
M1
M2
M3
m1
Species Locality
Length Width
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TABLE 8.5. Length and width of the upper and lower molars of Hispanomys lavocati and Hispanomys cf. lavocati. The 
measurements of the material from Sant Quirze and Hostalets de Pierola (Vallès-Penedès Basin) are from Freudenthal 
(1966) and Agustí (1980). Units are given in mm. Abbreviations: Min, minimum values; Max, maximum values; SD, 
standard deviation; N, number of specimens; SQ: Sant  Quirze; HP: Hostalets de Pierola.
Min Mean Max SD N Min Mean Max SD N
Hispanomys  cf. lavocati NOM4 3.28 3.39 3.46 0.100 3 2.21 2.28 2.35 0.070 3
Hispanomys  cf. lavocati NOM3 3.38 1 2.21 1
Hispanomys lavocati NOM2 3.18 3.58 4.06 0.190 37 2.11 2.29 2.56 0.090 38
Hispanomys lavocati SQ 3.38 3.69 2 2.12 2.21 2.31 0.082 4
Hispanomys lavocati HP 3.56 3.69 3.88 6 2.09 2.22 2.34 7
Hispanomys  cf. lavocati NOM4 2.52 2.58 2.63 0.080 2 2.08 2.11 2.14 0.040 2
Hispanomys lavocati NOM2 2.40 2.64 2.88 0.090 53 2.12 2.22 2.45 0.070 54
Hispanomys lavocati SQ 2.54 2.71 2.92 0.146 8 2.02 2.21 2.34 0.101 8
Hispanomys lavocati HP 2.41 2.56 2.75 4 2.05 2.12 2.23 4
Hispanomys  cf. lavocati NOM3 1.88 1 1.83 1
Hispanomys lavocati NOM2 1.65 1.96 2.14 0.090 75 1.71 1.85 2.00 0.080 75
Hispanomys lavocati SQ 1.93 2.04 2.14 2 1.73 1.85 1.96 2
Hispanomys lavocati HP 1.78 1.9 2.01 4 1.74 1.86 1.98 4
Hispanomys  cf. lavocati NOM4 2.87 2.96 3.04 0.120 2 1.87 1.89 1.90 0.020 2
Hispanomys lavocati NOM2 2.47 2.85 3.05 0.130 56 1.8 1.95 2.12 0.090 60
Hispanomys lavocati SQ 2.02 2.72 3.21 0.391 6 1.74 1.85 2.07 0.135 6
Hispanomys lavocati HP 2.53 2.82 2.98 8 1.85 1.89 2.01 8
Hispanomys  cf. lavocati NOM4 2.60 2.67 2.73 0.090 2 0
Hispanomys lavocati NOM2 2.55 2.74 2.9 0.090 50 2.11 2.22 2.35 0.060 50
Hispanomys lavocati SQ 2.52 2.66 2.79 0.126 6 1.8 2 2.79 0.165 6
Hispanomys lavocati HP 2.46 2.66 2.81 11 1.97 2.07 2.21 11
Hispanomys  cf. lavocati NOM3 2.41 2.41 2.41 1 2.05 1
Hispanomys lavocati NOM2 2.26 2.44 2.64 0.090 71 1.93 2.04 2.17 0.060 71
Hispanomys lavocati SQ 2.45 2.53 2.65 0.073 5 1.82 1.87 1.94 0.044 6
Hispanomys lavocati HP 2.43 2.54 2.74 5 1.88 1.98 2 5
Length Width
M1
M2
M3
m1
m2
m3
Species Locality
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TABLE 8.6. Length and width of the upper and lower molars of Hispanomys nombrevillae and Hispanomys cf. nombre-
villae. Units are given in mm. Abbreviations: Min, minimum; Max, maximum; SD, standar deviation; N, number of 
specimens.
Min Mean Max SD N Min Mean Max SD N
Hispanomys nombrevillae NOM1 2.65 2.82 3.00 0.110 10 1.83 1.91 2.02 0.060 10
Hispanomys nombrevillae NOM9 2.58 2.71 2.83 0.180 2 1.80 1.84 1.91 0.060 3
Hispanomys  cf. nombrevillae CAÑ9 1.90 1 1.60 1
Hispanomys  cf. nombrevillae CAÑ8 2.06 1 1.64 1
Hispanomys nombrevillae NOM1 1.69 2.02 2.12 0.100 16 1.57 1.70 1.85 0.080 14
Hispanomys nombrevillae NOM9 1.99 2.16 2.28 0.100 7 1.56 1.74 1.89 0.110 8
Hispanomys  cf. nombrevillae CAÑ11 1.49 1 1.26 1
Hispanomys nombrevillae CAÑ10 1.52 1 1.43 1
Hispanomys  cf. nombrevillae NOM1 1.25 1.47 1.77 0.150 12 1.27 1.44 1.64 0.100 12
Hispanomys  cf. nombrevillae NOM10 1.50 1.51 1.52 0.010 2 1.48 1.50 1.51 0.020 2
Hispanomys nombrevillae NOM9 1.42 1.48 1.56 0.050 6 1.30 1.41 1.55 0.090 6
Hispanomys nombrevillae CAÑ10 2.16 1 1.45 1
Hispanomys  cf. nombrevillae CAÑ9 2.60 1 1.59 1
Hispanomys nombrevillae NOM1 2.28 2.41 2.66 0.110 13 1.48 1.57 1.73 0.060 18
Hispanomys  cf. nombrevillae NOM10 2.64 1 1.63 1
Hispanomys  cf. nombrevillae NOM9 2.30 2.38 2.55 0.090 7 1.40 1.50 1.58 0.060 7
Hispanomys  cf. nombrevillae CAÑ9 2.00 1 1.65 1.65 1.65 1
Hispanomys  cf. nombrevillae CAÑ8 2.17 1 1.61 1.61 1.61 1
Hispanomys nombrevillae NOM1 1.98 2.21 2.38 0.100 14 1.64 1.73 1.78 0.040 15
Hispanomys nombrevillae NOM9 2.13 2.26 2.41 0.100 8 1.57 1.74 1.88 0.110 7
Hispanomys  cf. nombrevillae CAÑ8 1.64 1 1.28 1
Hispanomys nombrevillae NOM1 1.61 1.88 2.21 0.130 21 1.41 1.54 1.74 0.080 22
Hispanomys nombrevillae NOM9 1.37 1.86 2.12 0.230 10 1.30 1.53 1.88 0.180 11
M1
M2
M3
m1
m2
m3
Species Locality
Length Width
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TABLE 8.7. Length and width of the upper and lower molars of Hispanomys aragonensis and Hispanomys cf. aragonensis. 
Units are given in mm. Abbreviations: Min, minimum; Max, maximum; SD, standar deviation; N, number of specimens.
Min Mean Max SD N Min Mean Max SD N
Hispanomys aragonensis PED2C 2.69 2.82 3.02 0.113 13 1.73 1.82 1.93 0.061 14
Hispanomys aragonensis PED2A 2.79 3.01 3.25 0.130 34 1.75 1.90 2.01 0.066 35
Hispanomys aragonensis PED1A 2.60 1 1.67 1
Hispanomys cf. aragonensis NOM14 2.82 1 1.85 1.89 1.92 0.049 2
Hispanomys cf. aragonensis NOM13 1.79 1 0
Hispanomys aragonensis PED2C 1.99 2.17 2.31 0.083 25 1.58 1.70 1.86 0.074 25
Hispanomys aragonensis PED2A 1.98 2.26 2.46 0.112 44 1.56 1.74 1.91 0.082 46
Hispanomys aragonensis PED1A 2.09 2.12 2.14 0.035 2 1.63 1.65 1.67 0.018 4
Hispanomys cf. aragonensis NOM14 0 1.71 1
Hispanomys cf. aragonensis NOM22 2.18 1 1.58 1
Hispanomys aragonensis PED2C 1.39 1.64 1.81 0.105 37 1.31 1.49 1.66 0.086 38
Hispanomys aragonensis PED2A 1.44 1.66 2.06 0.123 38 1.37 1.53 1.77 0.091 38
Hispanomys aragonensis PED1A 1.54 1.59 1.63 0.064 2 1.55 1.56 1.57 0.014 2
Hispanomys cf. aragonensis NOM14 1.49 1.53 1.58 0.064 2 1.46 1.47 1.47 0.007 2
Hispanomys cf. aragonensis NOM22 1.53 1 1.40 1
Hispanomys aragonensis PED2C 2.09 2.45 2.76 0.120 43 1.36 1.53 1.66 0.07 42
Hispanomys aragonensis PED2A 2.30 2.51 2.72 0.098 47 1.40 1.58 1.70 0.069 48
Hispanomys aragonensis PED1A 2.35 1 1.54 1
Hispanomys cf. aragonensis NOM13 2.41 1 1.49 1
Hispanomys aragonensis PED2C 2.15 2.29 2.43 0.070 21 1.61 1.76 1.92 0.076 21
Hispanomys aragonensis PED2A 2.22 2.37 2.50 0.081 31 1.58 1.78 1.92 0.072 32
Hispanomys cf. aragonensis NOM19 2.15 1 1.69 1
Hispanomys aragonensis PED2C 1.92 2.13 2.30 0.100 35 1.40 1.60 1.76 0.087 34
Hispanomys aragonensis PED2A 2.04 2.16 2.32 0.087 24 1.50 1.63 1.75 0.057 23
Hispanomys aragonensis PED1A 1.86 2.04 2.22 0.255 2 1.40 1.56 1.72 0.226 2
Hispanomys cf. aragonensis NOM14 1.95 1.97 1.99 0.028 2 1.58 1.59 1.61 0.015 3
M1
M2
M3
m1
m2
m3
Species Locality
Length Width
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CARR ESC NOM2 SOL
CARR 0.040 0.789 0.001
ESC 0 0.004 0.917
NOM2 0.001 0.719 0
SOL 0.473 0 0
CARR 0.938 0.002 0.100
ESC 0.704 0 0.032
NOM2 0 0.001 0.144
SOL 0.073 0 0
CARR 0.834 1 0.220
ESC 0.916 0.604 0.004
NOM2 1 0.598 0.078
SOL 1 0.847 1,000
CARR 0.951 0.963 0.313
ESC 0.003 1 0.002
NOM2 0.883 0.001 0.002
SOL 0.465 0 0.002
CARR 0.953 0.008 0.979
ESC 0 0.219 0.995
NOM2 0.567 0 0.009
SOL 0.887 0 0.049
CARR 0.223 0.078 0.660
ESC 1 0 0
NOM2 1 1 0.690
SOL 0.974 0.982 0.802
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TABLE 8.8. Results for the statistical test for the length and width of the molars of Hispanomys aguirrei (SOL, NOM2, 
ESC and CARR). (a). Results for the Levenne’s and ANOVA tests. Numbers in red: Significant differences (p < 0.05), 
homogeneus variances. (b). Results of the Post-Hoc tests. In these case we have used the Games-Howel contrasts given 
that the non-homogeneity of the variances.  Numbers in black: No significant Differences; blue: Significant differences 
(p < 0.05); red: hightly significant differences (p < 0.01).
(a) (b)
Length Width Length Width
M1 0.003 0.031 0 0
M2 0.050 0.004 0 0
M3 0.551 0.070 0.497 0.018
m1 0.178 0.368 0.001 0
m2 0.370 0.652 0.036 0.003
m3 0.491 0.550 0.965 0.006
H. aguirrei
ANOVALevenne’s test
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TABLE 8.10. Results of the Levenne’s and 
Student´s t tests for the length and width of 
the molars of Hispanomys aragonensis from 
Pedregueras 2A and Pedregueras 2C. Abbre-
viations: H: No Significant, equal variances; 
NH: unequal variances; NS: No significant 
Differences; *result for unequal variances;  S: 
Significant differences (p < 0.05); HS: hightly 
significant differences (p < 0.01). 
M1 0.404 H 0.678 H 0 HS 0.001 HS
M2 0.140 H 0.426 H 0 HS 0.018 S
M3 0.833 H 0.577 H 0.320 NS 0.022 S
m1 0.419 H 0.918 H 0.011 S 0.005 HS
m2 0.400 H 0.948 H 0.001 HS 0.281 NS
m3 0.850 H 0.010 NH 0.138 NS 0.101 NS*
H. aragonensis
Levenne´s test Student´s T
Length Width Length Width
TABLE 8.9. Results for the Levenne’s and 
Student's t test for the length and width of the 
molars of (a) Hispanomys nombrevillae (NOM1 
and NOM9) (b) for H. nombrevillae and H. 
aragonensis (NOM1 and PED2C).  Abbrevia-
tions: H: No Significant, equal variances; NH: 
unequal variances; NS: No significant Differ-
ences; S: Significant differences (p < 0.05); HS: 
hightly significant differences (p < 0.01).
(a)
(b)
M1 0.778 H 0.849 H 0.769 NS 0.001 HS
M2 0.973 H 0.719 H 0 HS 0.886 NS
M3 0.252 H 0.790 H 0 HS 0.097 NS
m1 0.693 H 0.304 H 0.346 NS 0.031 S
m2 0.234 H 0.172 H 0.014 S 0.202 NS
m3 0.138 H 0.587 H 0 HS 0.014 S
H. nombrevillae Vs H. aragonensis
Levenne´s test Student´s T
Length Width Length Width
M1 0.404 H 0.511 H 0.249 NS 0.121 NS
M2 0.361 H 0.605 H 0.001 HS 0.162 NS
M3 0.080 H 0.848 H 0.847 NS 0.600 NS
m1 0.533 H 0.788 H 0.622 NS 0.017 S
m2 0.934 H 0.040 NH 0.330 NS 0.780 NS
m3 0.048 NH 0.005 NH 0.748 NS 0.811 NS
NOM1 Vs  NOM9
Levenne´s test Student´s T
Length Width Length Width
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TABLE 8.11. List of the genera and subgenera where Hispanomys lavocati has been ascribed to.
Reference Genus Subgenus
Freudenthal, 1966 Cricetodon —
Mein and Freudenthal, 1971a Cricetodon Pseudoruscinomys
Van de Weerd, 1976 Hispanomys —
Agustí, 1977a Cricetodon —
Agustí, 1977b Hispanomys —
Agustí, 1978 Cricetodon —
Agustí and Gilbert, 1979 Cricetodon —
Agustí, 1980 Cricetodon —
Sesé, 1980 Hispanomys —
Agustí, 1981 Cricetodon Pararuscinomys
Agustí, 1982 Cricetodon Pararuscinomys
Aguilar, 1982 Hispanomys —
Agustí, 1997 Cricetodon —
Agustí, 2005 Cricetodon Pararuscinomys
Casanovas-Vilar et al., 2006 Cricetodon —
Casanovas-Vilar and Agustí, 2007 Hispanomys —
López-Guerrero et al., 2008 Hispanomys —
López-Antoñanzas et al., 2010 Hispanomys —
López-Guerrero et al., 2014 Hispanomys —
Basal for the tribe Derived for the tribe Basal for the genus Hispanomys 
Poor development/absence of the ectolophs Complete Ectolophs Presence of labial anteroloph 
Cingular formations well developed Poor development of the cinguls/ids Moderately hypsodonty 
Metalophulid II or I+II Absence of metalophulid II without I Presence of both metalophulids in the same m1 
Anterocone slightly split Low presence/absence of M3 posteroloph Small size 
Two rooted m2 Three rooted m2  
   
 
TABL 8.12. Features present in Hispanomys nombrevillae classified by its derivate/primitive character according to the 
trends within tribe Cricetodontini (left and middle columns) or within genus Hispanomys (right column).
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aragonensis. Both hypotheses seem plausible, but they will be fully studied and discussed in chapter 
10.
The fossils from the Calatayud-Daroca Basin ascribed to Hispanomys have been assigned to four different species. Two of them, H. aguirrei and H. lavocati are recovered from the late Aragonian, another, H. nombrevillae, is present in the late 
Aragonian and the early Vallesian, and the last one, H. aragonensis, is recovered from the early 
Vallesian.
These species can be clustered in two groups. The first one includes H. aguirrei and H. 
lavocati which display a combination of basal and derived features. This condition complicated 
their taxonomical study and their generic assignation was very difficult. After present work, we 
conclude that their morphology corresponds to a basal Hispanomys. The morphological observations 
and comparisons made here cannot confirm their phylogenetic relationships in the context of 
the Calatayud-Daroca Basin. There are several posibilities equally plausible for both species. 
Moreover, their origin, especially in the case of H. lavocati is still ambiguous. Therefore, these taxa 
need a supplemental cladistic analysis to establish the phylogeny and to better understand their 
evolutionary history.
The other group is formed by H. nombrevillae and H. aragonensis. These species are 
less controversial than the other two because their features are characteristic of Hispanomys. 
The evolutionary stage of each one is easily recognizable; Hispanomys nombrevillae is a basal 
representative of the genus, whereas H. aragonensis has more derived features. Both species are 
clearly originated in southwestern Europe (Spain and France), but both clusters do not seem to be 
related. Hispanomys aguirrei and H. lavocati may have a different origin than H. nombrevillae and 
H. aragonensis. These questions will be treated in chapter 10.
Hispanomys aguirrei and H. lavocati (late Aragonian) are bigger than H. nombrevillae and 
H. aragonensis from the Vallesian. This follows the trend indicated by Agustí (1982) towards size 
decreasing among the species of Hispanomys for the Calatayud-Daroca Basin. Besides, there is 
a variation in size within the assemblages of H. aguirrei: the older fossils are smaller than the 
younger ones. This could indicate a trend towards intraspecifical size increase, apart from the 
abovementioned interspecifical trend.
FINAL REMARKS & CONCLUSIONS
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Appendix 8.1.
Morphological variability of Hispanomys aguirrei (Carrilanga, Solera and 
Nombrevilla 2) and Hispanomys cf. aguirrei (Paje 1, Paje 2, Nombrevilla 4, and 
Nombrevilla 3) in the Calatayud-Daroca Basin; number of specimens that have 
each state of character and the percentage (in brakets) over the total number of 
specimens (N).
M1
Open Low Cingul Cingul
N
Carrilanga 2 (10.53%) 7 (36.84%) 10 (52.63%) 19
Nombrevilla 4 — — 2 2
Nombrevilla 3 — — 1 1
Nombrevilla 2 3 (5.26%) 25 (43.86 %) 29 (50.88%) 57
Solera 2 (5.41%) 14 (37.84%) 21 (56.76%) 37
Paje 2 — 2 1 3
Anterosinus
Anterior
ectoloph
Not Complete Complete
N
Carrilanga 6 (35.29%) 11 (64.71%) 17
Nombrevilla 4 — 2 2
Nombrevilla 3 1 — 1
Nombrevilla 2 33 (52.38%) 30 (47.62%) 63
Solera 24 (63.16%) 14 (36.84%) 38
Paje 2 4 1 5
Anterior
ectoloph Absent
Posterior 
Anterocone
Anterior
Paracone Double N
Carrilanga 2 (10.53%) 2 (10.53%) 10 (52.63%) 5 (26.32%) 19
Nombrevilla 4 — — 3 — 3
Nombrevilla 3 — — — 1 1
Nombrevilla 2 3 (4.62%) 52 (80%) — 10 (15.38%) 65
Solera 2 (5%) 35 (87.5%) — 3 (7.5%) 40
Paje 2 — 6 — — 6
Paje 1 1 — — — 1
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M1
Posterior
ectoloph
Posterior
ectoloph
Absent Simple Double
N
Carrilanga — 4 (20%) 16 (80%) 20
Nombrevilla 4 — — 3 3
Nombrevilla 3 — — 1 1
Nombrevilla 2 — 43 (70.49%) 18 (29.51%) 61
Solera 1 (2.7%) 34 (91.89%) 2 (5.41%) 37
Paje 2 — 4 — 4
Paje 1 — — 1 1
Not Complete Complete
Mesoloph
EnlargementAbsent Short Medium
N
Carrilanga 9 (50%) 8 (44.44%) 1 (5.56%) — 18
Nombrevilla 4 2 — — — 2
Nombrevilla 3 1 — — — 1
Nombrevilla 2 45 (71.43%) 10 (15.87%) 5 (7.94%) 3 (4.76%) 63
Solera 17 (42.50%) 5 (12.50%) 18 (45%) — 40
Paje 2 2 1 — 1 4
N
Carrilanga 2 (10%) 18 (90%) 20
Nombrevilla 4 — 3 3
Nombrevilla 3 — 1 1
Nombrevilla 2 26 (44.83%) 32 (55.17%) 58
Solera 38 (95%) 2 (5%) 40
Paje 2 4 — 4
Paje 1 1 — 1
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M1
Protosinus
Mesosinus
Sinus
Open Cingul Style Two crests
N
Carrilanga 13 (72.22%) 1 (5.56%) 4 (22.22%) — 18
Nombrevilla 4 1 — — 1 2
Nombrevilla 3 — — — 1 1
Nombrevilla 2 42 (67.74%) 8 (12.9%) — 12 (18.35%) 62
Solera 19 (46.34%) 7 (17.07%) 3 (7.32%) 12 (29.27%) 41
Paje 2 3 — — 1 4
Open Cingul Low Cingul
N
Carrilanga — 9 (47.37%) 10(52.63%) 19
Nombrevilla 4 — 2 — 2
Nombrevilla 3 — 1 — 1
Nombrevilla 2 — 46 (80.70%) 11 (19.30%) 57
Solera 2 (4.88%) 31 (75.61%) 8 (19.51%) 41
Paje 2 1 1 1 3
Paje 1 — — 1 1
Open Cingul Style Anteroloph Low cingul
N
Carrilanga — 7 (41.18%) 2 (11.76%) — 8 (47.06%) 17
Nombrevilla 4 — 1 1 — — 2
Nombrevilla 3 1 — — — — 1
Nombrevilla 2 2 (3.77%) 17 (32.08%) 14 (26.42%) 20 (37.73%) — 53
Solera — 6 (15.79%) 19 (50%) 13 (34.21%) — 38
Paje 2 1 1 1 1 — 4
Paje 1 — 1 — — — 1
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Absent Posterior 
Paracone
Anterior
Anterocone
Double
N
Carrilanga 5 (23.81%) — 15 (71.43%) 1 (4.76%) 21
Nombrevilla 3 2 (66.67%) 1(33.33%) — — 3
Nombrevilla 2 50 (64.10%) 28 (35.90%) — — 78
Solera 8 (19.51%) — 32 (78.05%) 1 (2.44%) 41
Paje 2 1 — — — 1
Paje 1 2 — — — 2
M2
Anterior
ectoloph
Anterior
ectoloph
Not Complete Complete
N
Carrilanga — 16 16
Nombrevilla 3 1 — 1
Nombrevilla 2 8 (28.57%) 20 (71.43%) 28
Solera 2 (6.06%) 31 (93.94%) 33
Paje 2 — — —
Paje 1 — — —
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Mesoloph
Posterior
ectoloph
EnlargementAbsent Short
N
Carrilanga 17 (80.95%) 4 (19.05%) — 21
Nombrevilla 3 3 — — 3
Nombrevilla 2 76 (90.48%) 4 (4.76%) 4 (4.76%) 84
Solera 27 (62.79%) 12 (27.91%) 4 (9.30%) 43
Paje 2 — — 1 1
Paje 1 1 4 — 5
Simple Double
N
Carrilanga 12 (57.14%) 9 (42.86%) 21
Nombrevilla 3 2 (66.67%) 1 (33.33%) 3
Nombrevilla 2 55 (69.62%) 24 (30.38%) 79
Solera 40 (88.89%) 5 (11.11%) 45
Paje 2 1 — 1
Paje 1 2 — 2
Posterior
ectoloph
Not Complete Complete
N
Carrilanga 4 (19.05%) 17 (80.95%) 21
Nombrevilla 3 1 2 3
Nombrevilla 2 62 (78.48%) 17 (21.52%) 79
Solera 40 (88.89%) 5 (11.11%) 45
Paje 2 1 — 1
Paje 1 2 — 2
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N
Carrilanga 18 (94.74%) 1 (5.26%) 19
Nombrevilla 3 3 — 3
Nombrevilla 2 79 (98.75%) 1 (1.25%) 80
Solera 40 (93.02%) 3 (6.98%) 43
Paje 2 1 — 1
Paje 1 2 — 2
Absent Present
Entomesoloph
Open Cingul Two Crests Style
N
Carrilanga 17 (94.44%) 1 (5.56%) — — 18
Nombrevilla 3 3 — — — 3
Nombrevilla 2 48 (71.64%) 12 (17.91%) 2 (2.99%) 5 (7.46%) 67
Solera 33 (78.57%) 5 (11.90%) — 4 (9.52%) 42
Paje 2 1 — — — 1
Paje 1 2 — — — 2
Sinus
Mesosinus
Open CingulLow Cingul Two Crests
N
Carrilanga 3 (14.29%) 7 (33.33%) 11 (52.38%) — 21
Nombrevilla 3 — — 2 — 2
Nombrevilla 2 2 (2.50%) 9 (11.25%) 69 (86.25%) — 80
Solera 5 (11.36%) 21 (47.73%) 16 (36.36%) 2 (4.55%) 44
Paje 2 — — — — —
Paje 1 1 — — — 1
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Anterior Ectoloph
Absent Present
N
Carrilanga 21 (95.45%) 1 (4.55%) 22
Nombrevilla 3 — — —
Nombrevilla 2 74 (98.67%) 1 (1.33%) 75
Solera 29 — 29
Paje 2 4 — 4
Anterior Ectoloph
Not Complete Complete
N
Carrilanga 1 — 1
Nombrevilla 3 — — —
Nombrevilla 2 — 1 1
Solera — — —
Paje 2 — — —
Lingual Aneroloph
Absent Present
N
Carrilanga 5 (27.78%) 13 (72.22%) 18
Nombrevilla 3 1 — 1
Nombrevilla 2 66 (92.96%) 5 (7.04%) 71
Solera 6 (22.22%)) 21 (77.78%) 27
Paje 2 — 4 4
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M3 LargeAbsent Short Medium
N
Carrilanga 17 (89.47%) 2 (10.53%) — — 19
Nombrevilla 3 — — — — —
Nombrevilla 2 73 — — — 73
Solera 16 (57.14%) 5 (17.86%) 3 (10.71%) 4 (14.29%) 28
Paje 2 3 1 — — 4
Mesoloph
Neo-entoloph
Posterior 
Ectoloph
Absent Present
N
Carrilanga 19 (82.61%) 4 (17.39%) 23
Nombrevilla 3 1 — 1
Nombrevilla 2 83 — 83
Solera 26 (96.30%) 1 (3.7%) 27
Paje 2 — 2 2
Absent Simple
Paracone
Simple
Protolophule
Double
N
Carrilanga — 13 (59.09%) 2 (9.09%) 7 (31.82%) 22
Nombrevilla 3 — — — 1 1
Nombrevilla 2 — 38 (54.29%) 1 (1.43%) 31 (44.28%) 70
Solera 4 (11.77%) 16 (47.06%) 3 (8.82%) 11 (32.35%) 34
Paje 2 — — — 4 4
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Posteroloph
Posterior 
Ectoloph
Not Complete Complete
N
Carrilanga 4 (18.18%) 18 (81.82%) 22
Nombrevilla 3 — 1 1
Nombrevilla 2 21 (30.88%) 47 (69.12%) 68
Solera 16 (61.54%) 10 (38.46%) 26
Paje 2 4 — 4
Absent Present Well Developed
N
Carrilanga 5 (25%) — 15 (75%) 20
Nombrevilla 3 1 — — 1
Nombrevilla 2 51 (71.83%) 12 (16.90%) 8 (11.27%) 71
Solera 13 (48.15%) 8 (29.63%) 6 (22.22%) 27
Paje 2 — — — —
Enamel-coated
valley
Absent Present
N
Carrilanga 18 5 23
Nombrevilla 3 1 — 1
Nombrevilla 2 83 — 83
Solera 23 5 28
Paje 2 4 — 4
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Labial
Anterolophid
ShortAbsent Long
N
Carrilanga — 5 (21.74%) 18 (78.26%) 23
Nombrevilla 2 1 (1.79%) 33 (58.93%) 22 (39.28%) 56
Solera — 26 (57.78%) 19 (42.22%) 45
Paje 2 — 3 (60%) 2 (40%) 5
Paje 1 — 1 1 2
Mesolophid
EnlargementAbsent Short
N
Carrilanga 12 (54.55%) 9 (40.90%) 1 (4.55%) 22
Nombrevilla 2 80 (93.02%) 3 (3.49%) 3 (3.49%) 86
Solera 25 (54.35%) 15 (32.61%) 6 (13.04%) 46
Paje 2 3 1 2 6
Paje 1 — — 2 2
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Ectomesolophid
Absent Present
N
Carrilanga 23 — 23
Nombrevilla 2 91 — 91
Solera 38 5 43
Paje 2 4 1 5
Paje 1 1 1 2
Metalophulid
Absent Metalophulid I Metalophulid II Metalophulid I+II
N
Carrilanga — 17 (77.27%) — 5 (22.73%) 22
Nombrevilla 2 3 (3.57%) 47 (55.95%) — 34 (40.48%) 84
Solera 1 (2.08%) 20 (41.67%) 4 (8.33%) 23 (47.92%) 48
Paje 2 2 2 — 2 6
Paje 1 — 3 — — 3
Mesosinusid
Open CingulidLow Cingulid Stylid
N
Carrilanga 14 (58.33%) 8 (33.33%) 1 (4.17%) 1 (4.17%) 24
Nombrevilla 2 59 (75.64%) 19 (24.36%) — — 78
Solera 32 (69.57%) 13 (28.26%) — 1 (2.17%) 46
Paje 2 5 1 — — 6
Paje 1 1 1 — — 2
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Open Cingulid
Posterosinusid N
Carrilanga 19 (79.17%) 5 (20.83%) 24
Nombrevilla 2 78 — 78
Solera 25 (59.52%) 17 (40.48%) 42
Paje 2 3 (60%) 2 (40%) 5
Paje 1 2 — 2
Open
Cingulid
Low Cingulid
Stylid
Sinusid N
Carrilanga 1 (4.76%) 10 (47.62%) 6 (28.57%) 4 (19.05%) 21
Nombrevilla 2 1 (1.54%) 59 (90.77%) 4 (6.15%) 1 (1.54%) 65
Solera 1 (2.44%) 26 (63.41%) 11 (26.83%) 3 (7.32%) 41
Paje 2 — 1 — 2 3
Paje 1 — — — 1 1
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N
Carrilanga 23 — 23
Nombrevilla 3 3 — 3
Nombrevilla 2 73 2 75
Solera 49 2 51
Paje 2 4 — 4
Paje 1 1 — 1
Absent Present
Ectomesolophid
Labial
anterolophid
Short Long
N
Carrilanga 9 (42.86%) 12 (57.14%) 21
Nombrevilla 3 — 3 3
Nombrevilla 2 — 58 58
Solera 3(6.82%) 41 (93.18%) 44
Paje 2 1 4 5
Paje 1 — — —
Undivided Partially Divided
Comp l e t e l y 
Divided
N
Carrilanga 2 (14.29%) 3 (21.43%) 9 (64.28%) 14
Nombrevilla 3 — 2 — 2
Nombrevilla 2 1 (3.45%) 16 (55.17%) 12 (41.38%) 29
Solera 3 (18.75%) 6 (37.50%) 7 (43.75%) 16
Paje 2 — 1 1 2
Paje 1 — — — —
Posterior
root
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N
Carrilanga 3 (12%) 20 (80%) 1 (4%) 1 (4%) 25
Nombrevilla 3 1 — 1 — 2
Nombrevilla 2 2 (3.91%) 43 (84.31%) 6 (11.76%) — 51
Solera 3 (6.25%) 32 (66.67%) 7 (14.58%) 6 (12.50%) 48
Paje 2 1 3 — — 4
Paje 1 — 1 — — 1
Open Cingulid Two Crests Stylid
Sinusid
N
Carrilanga 17 (62.96%) 10 (37.04%) 27
Nombrevilla 3 2 1 3
Nombrevilla 2 56 (96.55%) 2 (3.45%) 58
Solera 29 (54.72%) 24 (45.28%) 53
Paje 2 4 1 5
Paje 1 1 — 1
Open Low Cingulid
Mesosinusid
N
Carrilanga 5 (19.23%) 6 (23.08%) 15 (57.69%) — — 26
Nombrevilla 3 1 — 2 — — 3
Nombrevilla 2 44 (61.11%) 2 (2.78%) 23 (31.94%) 3 (4.17%) — 72
Solera 9 (16.07%) — 25 (44.65%) 13 (23.21%) 9 (16.07%) 56
Paje 2 1 — 3 1 — 5
Paje 1 — — 1 — — 1
EnlargementAbsent Short Connected Double
Mesolophid
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Short Long
Labial
Anterolophid N
Carrilanga 12 (80%) 3 (20%) 15
Nombrevilla 4 — 1 1
Nombrevilla 3 — 3 3
Nombrevilla 2 6 (7.50%) 74 (92.50%) 80
Solera 6 (13.95%) 37 (86.05%) 43
Paje 2 — 2 2
Absent Short Connected DoubleMedium
Mesolophid N
Carrilanga 15 (78.95%) 1 (5.26%) 2 (10.53%) — 1 (5.26%) 19
Nombrevilla 4 — 1 — — — 1
Nombrevilla 3 3 — — — — 3
Nombrevilla 2 67 (66.34%) 28 (27.72%) 6 (5.94%) — — 101
Solera 22 (51.16%) 15 (34.88%) 1 (2.33%) 1 (2.33%) 4 (9.30%) 43
Paje 2 3 1 — — — 4
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Absent Present
Ectomesolophid N
Carrilanga 19 — 19
Nombrevilla 4 1 — 1
Nombrevilla 3 3 — 3
Nombrevilla 2 114 — 114
Solera 38 2 40
Paje 2 4 — 4
Low CingulidOpen
Mesosinusid N
Carrilanga 14 (77.78%) 4 (22.22%) 18
Nombrevilla 4 1 — 1
Nombrevilla 3 3 — 3
Nombrevilla 2 88 (96.70%) 3 (3.30%) 91
Solera 23 (56.10%) 18 (43.90%) 41
Paje 2 3 — 3
Open Cingulid Two Crests Stylid
Sinusid N
Carrilanga 7 (36.84%) 10 (52.63%) — 2 (10.53%) 19
Nombrevilla 4 — — — 1 1
Nombrevilla 3 1 1 — — 2
Nombrevilla 2 21 (26.25%) 54 (67.50%) 4 (5%) 1(1.25%) 80
Solera 14 (34.15%) 26 (63.41%) 1 (2.44%) — 41
Paje 2 1 2 — — 3
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Morphological variability of Hispanomys nombrevillae (Cañada 10, Nombrevilla 1 
and Nombrevilla 9) and Hispanomys cf. nombrevillae (Cañada 11, Cañada 9, Caña-
da 8 and Nombrevilla 10) in the Calatayud-Daroca Basin; number of specimens 
that have each state of character and the percentage (in brakets) over the total 
number of specimens (N).
Open Low Cingul Cingul
Anterosinus N
Nombrevilla 1 1 (6.25%) 13 (81.25%) 2 (12.5%) 16
Nombrevilla 9 3 — 1 4
Posterior
Anterocone
Anterior
Paracone Double
Anterior
ectoloph N
Nombrevilla 1 2 (13.34%) 6 (40%) 7 (46.66%) 15
Nombrevilla 9 2 — 3 5
Not Complete Complete
Anterior
ectoloph N
Nombrevilla 1 — 15 15
Nombrevilla 9 1 4 5
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Simple Double
Posterior
Ectoloph N
Nombrevilla 1 4 (28.57%) 10 (71.43%) 14
Nombrevilla 9 2 2 4
Complete
Posterior
Ectoloph N
Nombrevilla 1 14 14
Nombrevilla 9 4 4
EnlargementAbsent
Mesoloph N
Nombrevilla 1 16 — 16
Nombrevilla 9 3 1 4
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Protosinus N
Nombrevilla 1 6 (50%) 5 (41.67%) 1 (8.33%) 12
Nombrevilla 9 1 2 2 5
Cingul Style Anteroloph
Sinus
Open Cingul Style Two crests
N
Nombrevilla 1 9 (52.94%) 6 (35.29%) 1 (5.88%) 1 (5.88%) 17
Nombrevilla 9 — 2 2 1 5
Mesosinus N
Nombrevilla 1 1 (6.25%) 5 (31.25%) 10 (62.50%) 16
Nombrevilla 9 — 2 2 4
Open Cingul Low Cingul
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Posterior Paracone Anterior Anterocone Double
Anterior
ectoloph N
Cañada 10 — — 1 1
Cañadas 8 — 1 — 1
Nombrevilla 1 3 (16.67%) 9 (50%)  6 (33.33%) 18
Nombrevilla 9 — 3 (37.50%) 5 (62.50%) 8
Complete
Anterior
ectoloph N
Cañada 10 1 1
Cañadas 8 1 1
Nombrevilla 1 18 18
Nombrevilla 9 8 8
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Simple Double
Posterior
ectoloph N
Cañada 10 — 1 1
Cañadas 8 1 — 1
Nombrevilla 1 2 (10.53%) 17 (89.47%) 19
Nombrevilla 9 — 8 8
Complete
Posterior
ectoloph N
Cañada 10 1 1
Cañadas 8 1 1
Nombrevilla 1 19 19
Nombrevilla 9 8 8
Absent
Mesoloph N
Cañada 10 1 1
Cañadas 8 1 1
Nombrevilla 1 18 18
Nombrevilla 9 7 7
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Absent Present
Entomesoloph N
Cañada 10 1 — 1
Cañadas 8 1 — 1
Nombrevilla 1 17 — 17
Nombrevilla 9 4 3 7
Open CingulLow Cingul
Mesosinus N
Cañada 10 — 1 — 1
Cañadas 8 1 — — 1
Nombrevilla 1 12 (66.67%) 6 (33.33%) — 18
Nombrevilla 9 2 (28.57%) 2 (28.57%) 3 (42.86%) 7
Open Cingul Two Crests Style
Sinus N
Cañada 10 1 — — — 1
Cañadas 8 1 — — — 1
Nombrevilla 1 5 (29.41%) 11 (64.71%) 1 (5.88%) — 17
Nombrevilla 9 4 (57.14%) 1 (14.29%) 1 (14.29%) 1 (14.29%) 7
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Absent Present
Anterior Ectoloph N
Cañada 10 — 1 1
Nombrevilla 1 3 (25%) 9 (75%) 12
Nombrevilla 10 2 (66.67%) 1 (33.33%) 3
Nombrevilla 9 — 4 4
Complete
Anterior Ectoloph N
Cañada 10 1 1
Nombrevilla 1 9 9
Nombrevilla 10 1 1
Nombrevilla 9 4 4
Absent Present
Lingual Aneroloph N
Cañada 10 — 1 1
Nombrevilla 1 7 3 10
Nombrevilla 10 3 — 3
Nombrevilla 9 1 2 3
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Absent Medium
Mesoloph N
Cañada 10 1 — 1
Nombrevilla 1 10 1 11
Nombrevilla 10 3 — 3
Nombrevilla 9 4 — 4
Absent Present
Neo-entoloph N
Cañada 10 1 — 1
Nombrevilla 1 10 2 12
Nombrevilla 10 3 — 3
Nombrevilla 9 5 — 5
Simple
Paracone
Simple
Protolophule Double
Posterior 
Ectoloph N
Cañada 10 — — — 0
Nombrevilla 1 7 (77.78%) 2 (22.22%) — 9
Nombrevilla 10 3 — — 3
Nombrevilla 9 2 — 2 4
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Not Complete Complete
Posterior 
Ectoloph N
Cañada 10 1 — 1
Nombrevilla 1 — 12 12
Nombrevilla 10 — 3 3
Nombrevilla 9 — 5 5
Absent Present Well Developed
Posteroloph N
Cañada 10 — — — 0
Nombrevilla 1 7 (77.78%) 2 (22.22%) — 9
Nombrevilla 10 3 — — 3
Nombrevilla 9 2 — 2 4
Absent Present
Enamel-coated
valley N
Cañada 10 1 — 1
Nombrevilla 1 9 (81.81%) 2 (18.18%) 11
Nombrevilla 10 3 — 3
Nombrevilla 9 3 1 4
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ShortAbsent Long
Labial
Anterolophid N
Cañada 10 1 — — 1
Cañada 9 — 1 — 1
Nombrevilla 1 — 6 11 17
Nombrevilla 10 — 1 1 2
Nombrevilla 9 — 4 3 7
EnlargementAbsent Short
Mesolophid N
Cañada 10 1 — — 1
Cañada 9 — — 1 1
Nombrevilla 1 11 (68.75%) 5 (31.25%) — 16
Nombrevilla 10 — — — 1
Nombrevilla 9 4 — 2 7
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Absent Present
Ectomesolophid N
Cañada 10 1 — 1
Cañada 9 1 — 1
Nombrevilla 1 20 — 20
Nombrevilla 10 1 1 2
Nombrevilla 9 7 1 8
Metalophulid I Metalophulid I+II
Metalophulid N
Cañada 10 1 — 1
Cañada 9 — 1 1
Nombrevilla 1 16 4 20
Nombrevilla 10 1 1 2
Nombrevilla 9 4 3 7
Open CingulidLow Cingulid
Mesosinusid N
Cañada 10 — 1 — 1
Cañada 9 — — 1 1
Nombrevilla 1 5 (23.80%) 13 (61.91%) 3 (14.28%) 21
Nombrevilla 10 — — — —
Nombrevilla 9 2 (50%) 1 (25%) 1 (25%) 4
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Open Cingulid
Posterosinusid N
Cañada 10 1 — 1
Cañada 9 — 1 1
Nombrevilla 1 13 (65%) 7 (35%) 20
Nombrevilla 10 1 — 1
Nombrevilla 9 4 4 8
Cingulid Low Cingulid Stylid
Sinusid N
Cañada 10 1 — — 1
Cañada 9 1 — — 1
Nombrevilla 1 17 (89.48%) 1 (5.26%) 1 (5.26%) 19
Nombrevilla 10 1 — — 1
Nombrevilla 9 7 — 1 8
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Partially Divided Completely Divided
Posterior
root N
Cañada 9 — 1 1
Cañadas 8 — — 0
Nombrevilla 1 1 (14.29%) 6 (85.71%) 7
Nombrevilla 9 1 1 2
Long Absent
Ectomesolophid
Labial
anterolophid
Cañada 9 1
Cañadas 8 1
Nombrevilla 1 13
Nombrevilla 9 9
Cañada 9 1
Cañadas 8 1
Nombrevilla 1 16
Nombrevilla 9 9
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Cingulid StylidTwo Crests
Sinusid N
Cañada 9 — 1 — 1
Cañadas 8 1 — — 1
Nombrevilla 1 10 (76.93%) 1 (7.69%) 2 (15.38%) 13
Nombrevilla 9 5 (71.42%) 2 (28.57%) — 7
Open Low Cingulid Stylid
Mesosinusid N
Cañada 9 — — 1 1
Cañadas 8 — 1 — 1
Nombrevilla 1 4 (21.05%) 14 (73.68%) 1 (5.26%) 19
Nombrevilla 9 6 (66.66%) 3 (33,34%) — 9
Absent Short Connected Double
Mesolophid N
Cañada 9 1 — — — 1
Cañadas 8 1 — — — 1
Nombrevilla 1 7 (35%) 6 (30%) 6 (30%) 1 (5%) 20
Nombrevilla 9 2 (22.22%) 4 (44.44%) 3 (33.33%) — 9
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ShortAbsent
Labial
Anterolophid N
Nombrevilla 1 16 (80%) 4 (20%) 20
Nombrevilla 9 6 (54.54%) 5 (45.45%) 11
Absent
Ectomesolophid
Nombrevilla 1 19
Nombrevilla 9 12
Absent Short DoubleMedium
Mesolophid N
Nombrevilla 1 15 (75%) 3 (15%) — 2 (10%) 20
Nombrevilla 9 6 (46.15%) 6 (46.15%) 1 (7.69%) — 13
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Low Cingulid
Open
Mesosinusid N
Nombrevilla 1 16 (80%) 4 (20%) 20
Nombrevilla 9 4 (40%) 6 (60%) 10
Open
Cingulid Stylid
Two Crests
Sinusid N
Nombrevilla 1 1 (5%)  17 (85%) — 2 (10%) 20
Nombrevilla 9 2 (10%) 8 (40%) 1 (5%) 1 (5%) 12
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Morphological variability of Hispanomys aragonensis (Pedregueras 1A, 
Pedregueras 2A and Pedregueras 2C) and Hispanomys cf. aragonensis (Nombre-
villa 22, Nombrevilla 13, Nombrevilla 14 and Nombrevilla 19) in the Calatayud-
Daroca Basin; number of specimens that have each state of character and the 
percentage (in brakets) over the total number of specimens (N).
Open Low Cingul Cingul
Anterosinus N
Pedregueras 2C 2(12.5%) 14(87,5%) 0 16
Pedregueras 2A 20(45.45%) 22(50%) 2(4,54%) 44
Pedregueras 1A 1 — — 1
Nombrevilla 14 — 2 — 2
Nombrevilla 13 1 — — 1
Posterior
Anterocone
Anterior
Paracone
Double
Anterior
ectoloph N
Pedregueras 2C 10(55.56%) — 8(44.44%) 18
Pedregueras 2A 3(6.82%) 5(11.36%) 36(81.82%) 44
Pedregueras 1A — — 1 1
Nombrevilla 14 — — 2 2
Nombrevilla 13 — — 1 1
Complete
Anterior
ectoloph N
Pedregueras 2C 18 18
Pedregueras 2A 44 44
Pedregueras 1A 1 1
Nombrevilla 14 2 2
Nombrevilla 13 1 1
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Posterior
ectoloph N
Pedregueras 2C 3(15.78%) 16(84.21%) 19
Pedregueras 2A — 40 40
Pedregueras 1A — 1 1
Nombrevilla 14 — 2 2
Nombrevilla 13 — 1 1
Complete
Posterior
ectoloph N
Pedregueras 2C 19 19
Pedregueras 2A 40 40
Pedregueras 1A 1 1
Nombrevilla 14 2 2
Nombrevilla 13 1 1
EnlargementAbsent Short Medium
Mesoloph N
Pedregueras 2C 13(81.25%) — — 3(18.75%) 16
Pedregueras 2A 24(63.15%) 4(10.52%) 8(21.05%) 2(5.26%) 38
Pedregueras 1A 1 — — — 1
Nombrevilla 14 2 — — — 2
Nombrevilla 13 1 — — — 1
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Cingul Style AnterolophOpen
Protosinus N
Pedregueras 2C — 4(23.53%) 5(29.41%) 8(47.06%) 17
Pedregueras 2A 1(2.22%) 3(6.67%) 18(40%) 23(51.11%) 45
Pedregueras 1A — 1 — — 1
Nombrevilla 14 — — 2 — 2
Nombrevilla 13 — — — — —
Open Cingul Style Two Crests
Sinus N
Pedregueras 2C 15(88.24%) — 1(5.88%)) 1(5.88%) 17
Pedregueras 2A 22(52.38%) 2(4.76%) 14(33.33%) 4(9.52%) 42
Pedregueras 1A 1 — — — 1
Nombrevilla 14 2 — — — 2
Nombrevilla 13 1 — — — 1
Open Cingul Low Cingul
Mesosinus N
Pedregueras 2C 3(18.75%) — 13(81.25%) 16
Pedregueras 2A 20(50%) 3(7.5%) 17(42.5%) 40
Pedregueras 1A 1 — — 1
Nombrevilla 14 — 1 — 1
Nombrevilla 13 1 — — 1
286
Chapter 8
M2
Anterior
ectoloph
Posterior 
Paracone
Anterior
Anterocone DoubleAbsent
N
Pedregueras 2C 1(3.45%) 5(17.24%) 6(20.69%) 17(58.62%) 29
Pedregueras 2A — 5(9.09%) 17(30.91%) 33(60%) 55
Pedregueras 1A 2 — — 2 4
Nombrevilla 22 2 — — — 2
Complete
Anterior
ectoloph N
Pedregueras 2C 28 28
Pedregueras 2A 56 56
Pedregueras 1A 2 2
Nombrevilla 22 — —
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Mesoloph N
Pedregueras 2C 26(96.30%) 1(3.70%) 27
Pedregueras 2A 44(80%) 11(20%) 55
Pedregueras 1A 4 — 4
Nombrevilla 22 2 — 2
Absent Short
Posterior
ectoloph N
Pedregueras 2C 9 20 29
Pedregueras 2A — 54 54
Pedregueras 1A — 4 4
Nombrevilla 22 — 2 2
Complete
Posterior
ectoloph N
Pedregueras 2C 29 29
Pedregueras 2A 56 56
Pedregueras 1A 4 4
Nombrevilla 22 2 2
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Absent Present
Entomesoloph N
Pedregueras 2C 27(93.10%) 2(6.90%) 29
Pedregueras 2A 50(92,59%) 4(7.40%) 54
Pedregueras 1A 3 1 4
Nombrevilla 22 2 — 2
Mesosinus
Open CingulLow cingul Style
N
Pedregueras 2C 13(44.83%) 12(41.37%) 3(10.34%) 1(3.45%) 29
Pedregueras 2A 45(81.82%) — 10(18.18%) — 55
Pedregueras 1A 4 — — — 4
Nombrevilla 22 — 2 — — 2
Sinus
Open Cingul Style
N
Pedregueras 2C 25(92.59%) 2(7.41%) — 27
Pedregueras 2A 48(96%) 2(4%) 4(8%) 50
Pedregueras 1A 4 — — 4
Nombrevilla 22 2 — — 2
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Absent Posterior Anterior
Anterior Ectoloph N
Pedregueras 2C 28(70%) 6(15%) 6(15%) 40
Pedregueras 2A 26(60.47%) 9(20.93%) 8(18.60%) 43
Pedregueras 1A 2 — — 2
Nombrevilla 14 — — 2 2
Nombrevilla 22 2 — — 2
Not Complete Complete
Anterior Ectoloph N
Pedregueras 2C 1(8.3%) 11(91.67%) 12
Pedregueras 2A 1(5.88%) 16(94.12%) 17
Pedregueras 1A — — 0
Nombrevilla 14 — 2 2
Nombrevilla 22 — — 0
Absent Present
Lingual Aneroloph N
Pedregueras 2C 30(83.33%) 6(16.67%) 36
Pedregueras 2A 33(84.62%) 6(15.38%) 39
Pedregueras 1A — 1 1
Nombrevilla 14 2 — 2
Nombrevilla 22 2 — 2
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Mesoloph
Absent MediumShort Large
N
Pedregueras 2C 32(84.21%) 4(10.53%) 1(2.63%) 1(2.63%) 38
Pedregueras 2A 33(78.57%) 6(14.29%) — 3(7.14%) 42
Pedregueras 1A 2 — — — 2
Nombrevilla 14 2 — — — 2
Nombrevilla 22 — — — 2 2
Neo-entoloph
Absent Present
N
Pedregueras 2C 38(95%) 2(5%) 40
Pedregueras 2A 42 — 42
Pedregueras 1A 2 — 2
Nombrevilla 14 2 — 2
Nombrevilla 22 2 — 2
Posterior 
Ectoloph
Simple
Paracone Double
Absent
N
Pedregueras 2C 1(2.44%) 5(12.20%) 35(85.37%) 41
Pedregueras 2A — 28(65.11%) 15(34.88%) 43
Pedregueras 1A — — 2 2
Nombrevilla 14 — 1 1 2
Nombrevilla 22 — — 2 2
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Not Complete Complete
Posterior 
Ectoloph N
Pedregueras 2C 1(2.56%) 38(97.44%) 39
Pedregueras 2A 1(2.33%) 42(97.67%) 43
Pedregueras 1A — 2 2
Nombrevilla 14 — 2 2
Nombrevilla 22 — 2 2
Posteroloph
Absent Present Well Developed
N
Pedregueras 2C 15(42.86%) 12(34.29%) 8(22.86%) 35
Pedregueras 2A 13(33.33%) 3(7.69%) 23(58.97%) 39
Pedregueras 1A 1 — 1 2
Nombrevilla 14 2 — — 2
Nombrevilla 22 — — 2 2
Absent Present
Enamel-coated
valley N
Pedregueras 2C 39(97.5%) 1(2.5%) 40
Pedregueras 2A 36(87.80%) 5(12.20%) 41
Pedregueras 1A 2 — 2
Nombrevilla 14 2 — 2
Nombrevilla 22 1 1 2
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Labial
Anterolophid
Short Long
N
Pedregueras 2C 20(43.48%) 26(56.52%) 46
Pedregueras 2A 27(50.94%) 26(49.06%) 53
Pedregueras 1A 1 1 2
Nombrevilla 14 1 — 1
Nombrevilla 13 1 — 1
Mesolophid
EnlargementAbsent Short Medium
N
Pedregueras 2C 17(36.96%) 11(23.91%) 18(39.13%) — 46
Pedregueras 2A 10(17.86%) 12(21.43%) 26(46.43%) 8(14.29%) 56
Pedregueras 1A — — 3 — 3
Nombrevilla 14 1 — — — 1
Nombrevilla 13 — — 1 — 1
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Absent Present
Ectomesolophid N
Pedregueras 2C 47 — 47
Pedregueras 2A 52 1 53
Pedregueras 1A 3 — 3
Nombrevilla 14 — — —
Nombrevilla 13 1 — 1
Metalophulid I Metalophulid I+IIAbsent
Metalophulid N
Pedregueras 2C 1(2.17%) 41(89.13%) 4(8.70%) 46
Pedregueras 2A — 48(88.89%) 6(11.11%) 54
Pedregueras 1A — 3 — 3
Nombrevilla 14 — 1 — 1
Nombrevilla 13 — 1 — 1
Open CingulidLow Cingulid Stylid
Mesosinusid N
Pedregueras 2C 34(72.34%) 9(19.15%) 3(6.38%) 1(2.13%) 47
Pedregueras 2A 35(64.81%) 18(33.33%) — 1(1.85%) 54
Pedregueras 1A — — 2 — 2
Nombrevilla 14 — — — — —
Nombrevilla 13 — — — — —
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m1
Posterosinusid
Open Cingulid
Sinusid
Open StylidCingulid Two Crests
N
Pedregueras 2C 4(9.09%) 12(27.27%) 2(4.55%) 26(59.09%) 44
Pedregueras 2A 1(1.92%) 29(55.77%) 5(9.62%) 17(32.69%) 52
Pedregueras 1A — 3 — — 3
Nombrevilla 14 — — — — —
Nombrevilla 13 — — — — —
N
Pedregueras 2C 26(59.09%) 18(40.91%) 44
Pedregueras 2A 45(83.33%) 9(16.67%) 54
Pedregueras 1A 3 — 3
Nombrevilla 14 — — —
Nombrevilla 13 1 — 1
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m2
Labial
anterolophid N
Pedregueras 2C 3(12%) 22(88%) 25
Pedregueras 2A 5(13.16%) 33(86.84%) 38
Short Long
Completely Divided
Posterior
root N
Pedregueras 2C 4 4
Pedregueras 2A — —
Open Low Cingulid
Mesosinusid N
Pedregueras 2C 11(39.28%) 17(60.71%) 28
Pedregueras 2A 12(26.08%) 34(73.91%) 46
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m2
Sinusid
Cingulid StylidTwo CrestsOpen
N
Pedregueras 2C 1(3.70%) 13(48.15%) 2(7.41%) 11(40.74%) 27
Pedregueras 2A 3(7.69%) 30(76.92%) 4(10.26%) 2(5.13%) 39
Absent
Ectomesolophid N
Pedregueras 2C 29 29
Pedregueras 2A 42 42
Mesolophid
Absent Short Connected DoubleEnlargement
N
Pedregueras 2C 3(10%) — 10(33.33%) 12(40%) 5(16.66%) 30
Pedregueras 2A 1(3.23%) 6(19.35%) 21(67.74%) 1(3.23%) 2(6.45%) 31
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m3
Short Large
Labial
Anterolophid N
Nombrevilla 19 — 1 1
Pedregueras 2C 3 (8.33%) 33 (91.67%) 36
Pedregueras 2A — 28 28
Pedregueras 1A — 2 2
Nombrevilla 14 — 3 3
Absent Present
Ectomesolophid N
Nombrevilla 19 1 — 1
Pedregueras 2C 38 — 38
Pedregueras 2A — 8 8
Pedregueras 1A 2 — 2
Nombrevilla 14 3 — 3
298
Chapter 8
m3
Low CingulidOpen
Mesosinusid N
Nombrevilla 19 1 — 1
Pedregueras 2C 27(72.97%) 10(27.02%) 37
Pedregueras 2A 25(83.33%) 5(16.66%) 30
Pedregueras 1A 2 — 2
Nombrevilla 14 2 1 3
Open Cingulid Stylid
Two Crests
Sinusid
N
Nombrevilla 19 — 1 — — 1
Pedregueras 2C 11(31.43%) 10(23.57%) 1(2.86%) 13(37.14%) 35
Pedregueras 2A 5(17.86%) 14(50%) 1(3.57%) 8(28.57%) 28
Pedregueras 1A 2 — — — 2
Nombrevilla 14 — 2 1 — 3
Absent Short Double
Mesolophid N
Nombrevilla 19 1 — — 1
Pedregueras 2C 15(42.9%) 15(42.9%) 5(14.3%) 35
Pedregueras 2A 14(46.67%) 16(53.33%) — 30
Pedregueras 1A 2 — — 2
Nombrevilla 14 1 2 — 3
IV.	Bioestratigrafía

Chapter	9
Biostratigraphy

303
Updated stratigraphical distributions of Cricetodontini 
crIcetodontInI froM the calatayud-
daroca basIn (spaIn): an up-to-date of 
theIr stratIGraphIcal dIstrIbutIons
9
“On a regional scale, obviously, a detailed stratigraphical 
framework based on local biozonation, supported by superposition, 
radiometric ages and palaeomagnetostratigraphy, is far superior 
and in our opinion the best way to proceed
Albert van der Meulen & colaboradores.
Resumen
Se presentan las distribuciones estratigráficas de los miembros de la 
tribu Cricetodontini de la Cuenca de Calatayud-Daroca. Algunos géneros 
de Cricetodontini fueron utilizados, en la Cuenca de Calatayud-Daroca, 
para caracterizar ciertas unidades cronoestratigráficas (pisos continentales). 
Sin embargo, las especies de Cricetodontini no han sido, normalmente, 
utilizadas en la definición y propuesta de las escalas bioestratigráficas 
locales. No obstante, estudios recientes en las cuencas de Europa central 
y Anatolia muestran que las especies de Cricetodontini encontradas allí 
se pueden utilizar para establecer subdivisiones bioestratigráficas locales. 
Los resultados presentados en este capítulo muestran que, para la Cuenca 
de Calatayud-Daroca, la mayoría de las distribuciones estratigráficas de 
las especies de Cricetodontini están estrechamente vinculadas con la 
biozonación local. Esto sugiere que podrían ser utilizados como buenos 
indicadores bioestrátigráficos. Por otra parte, la biozona local G3, que es 
inusualmente larga, podría ser redefinida y subdividida basándonos en 
las distribuciones de las cuatro especies de Cricetodontini presentes en 
ella. Sin embargo, se recomienda completar el estudio de toda la fauna de 
roedores antes de proponer una nueva biozonación.
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Abstract
The most updated stratigraphical distributions of the Criceto-
dontini from the Calatayud–Daroca Basin are presented. Generally, the 
genera of Cricetodontini were used to define large time intervals and 
limits between major continental units, whereas the species were neglected 
in the local biostratigraphical studies. Nevertheless, recent studies in 
central Europe and Anatolia indicate that the species of Cricetodontini 
have served as a source to establish biostratigraphical local subdivisions. 
The results presented herein show that, for the Calatayud–Daroca Basin, 
most of the stratigraphical distributions of the species of Cricetodontini 
are strongly linked with the local biozonation. That reveals that they could 
be used as good biostratigraphical indicators. Moreover, the unusually 
long local biozone G3 could be redefined and subdivided based on the 
distributions of the four species of Cricetodontini present in it. However, 
it is recommended to complete the study of the whole rodent fauna before 
proposing a new biozonation.
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INTRODUCTION
The tribe Cricetodontini is a group of large-sized rodents found in Europe, northern Africa and Asia ( Jaeger et al., 1973; De Bruijn and Ünay, 1996; Rummel, 1999). Their biogeographical distribution follows a symmetrical model in which the first 
occurrence of the tribe is in a small area (region of Anatolia) during the early Miocene (De Bruijn 
and Ünay, 1996; Rummel, 1999; Álvarez-Sierra et al., 2013). In the middle Miocene there is a 
gradual expansion into central Europe and France followed by a period of stasis in which the 
taxon is distributed over most Europe and Asia Minor (De Bruijn and Ünay, 1996; Rummel, 
1999; Álvarez-Sierra et al., 2013). Their extinction at the end of the Pliocene was preceded by a 
period of fragmentation and contraction of their distribution area since the late middle Miocene 
(De Bruijn and Ünay, 1996; Rummel, 1999; Álvarez-Sierra et al., 2013a; 2013b).
This tribe includes eight genera; three of them—Cricetodon Lartet, 1851, Hispanomys 
Mein and Freudenthal, 1971 and Ruscinomys Depéret, 1890—are recorded in the Aragonian and 
Vallesian from the Calatayud-Daroca Basin.
Genera of Cricetodontini have been used, as biostratigraphical indicators, in many studies 
for the Calatayud-Daroca Basin, (e.g., Daams et al., 1999; Álvarez Sierra et al., 2003; Hernández-
Ballarín et al., 2011; Van der Meulen et al., 2011, 2012), although mainly to define large time 
intervals and limits between major continental units. For instance, the first occurrence (FO) of 
Cricetodon coincides with the beginning of the local biozone E in the Calatayud-Daroca Basin 
(Daams et al., 1999; Van der Meulen et al., 2012), and the relative abundance of Cricetodon and 
Hispanomys characterizes the faunas from the late Aragonian and the early Vallesian in the same 
basin (Daams et al., 1999). 
By contrast, the species of Cricetodontini have been not traditionally used for local biostrati-
graphical subdivisions in the Calatayud-Daroca Basin. De Bruijn et al. (1993) pointed out that the 
mosaic morphology displayed by the species of Cricetodontini precludes their use for the proposal 
of detailed biostratigraphical scales. Nevertheless, the recently exhaustive study of the species of 
Cricetodontini have served as a source to establish biostratigraphical subdivisions. For instance, 
the species of Byzantinia and Cricetodon were used in the local biostratigraphy of the Neogene 
from Turkey (Ünay and De Bruijn, 1984; Ünay et al., 2003). Furthermore, in the workshop of 
the Regional Committee of Stratigraphy of the Neogene in May 2012, the biostratigraphy of the 
uppermost early Badenian (middle Aragonian) from the German Molasse were updated from 
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those made by Heißig (1997). Three species of Cricetodon were used to define three local biozones: 
Cricetodon meini, Cricetodon aureus and Cricetodon sansaniensis which correspond to OMS units E’, 
F, and ?F (Böhme et al., 2012) (Fig. 9.1a). Moreover, Kälin and Kempf (2009) also used a similar 
approach in the biostratigraphy of the Swiss Molasse. Therefore, it seems that a better knowledge 
of the species of Cricetodontini could reveal them as good local biostratigraphical and biochro-
nological indicators (Fig. 9.1b). Furthermore, the zonation of Van der Meulen et al. (2012), based 
mainly on cricetids (e.g., Megacricetodon, Democricetodon), could be extended towards the late 
Aragonian and the early Vallesian; indeed, the most updated distribution of the Cricetodontini 
will be useful in the redefinition of the local biozonation.
Several works have recently focused in the systematics of the tribe Cricetodontini from 
the Calatayud–Daroca Basin (López-Guerrero et al., 2008, 2009, 2013a, 2014), but a number of 
localities and species from the earliest part of the late Aragonian still lacked a detailed revision. 
Thus, the main aim of this study is to evaluate the updated stratigraphical distributions of the 
Cricetodontini from the Calatayud-Daroca Basin described in chapters 5 to 8 and assess whether 
or not they are good biostratigraphical indicators.
FIGURE 9.1. Stratigraphical distributions 
of the species of Cricetodontini in the cen-
tral Europe Basins. (a). Germany Molasse. 
Correlation of the local biozones with con-
tinental stages and epoch is also present. 
Data source: Böhme et al. (2012); (b). Swiss 
Molasse. Localities, correlation with local 
biozones, the MN system and epoch are also 
presented. Data source: Kälin and Kempf, 
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After the systematic study of the Cricetodontini from the Calatayud-Daroca Basin, eight 
different species have been found. Their stratigraphic distributions and a summary of their 
morphological features are presented below.
CRICETODON SORIAE López Martínez, Cárdaba, Salesa, 
Hernández Fernández, Cuevas González and Fesharaki, 2006
The most important features of C. soriae are: medium to large size; brachydont molars 
without styles or stylids. The upper molars have short or absent ectolophs, the anterior ectoloph 
is absent on the M1; presence of split anterocone and anterior + posterior protolophule on the 
M1, as well as well-developed posteroloph on the M3. The lower molars often show ectomeso-
lophids and low-developed mesolophids; the m1 possess both metalophulid I and II; incomplete 
metalophulid I and rounded anteroconid; the m3 is large and longer than the m1, and it has long 
and double mesolophids.
Type locality—Somosaguas N, Madrid Basin, Spain, local biozone E (MN5, middle 
Aragonian, middle Miocene).
Stratigraphical distribution in the Calatayud-Daroca Basin —local biozone E (MN5, 
middle Aragonian, middle Miocene). FO: LUM11 (14.06 Ma); LO: LUM20 (13.80 Ma)
CRICETODON SANSANIENSIS Lartet, 1851
The most important features of C. sansaniensis are: large size; M1 with an slightly divided 
anterocone. Ectolophs absent in half of the M1. Short mesoloph present in some M1, slightly more 
frequent in M2 and M3. The anterior surface of both the paracone and the metacone notched by a 
vertical groove. Undivided and rounded anteroconid in the m1; the metaconid has a metalophulid 
II in more than half of the specimens, I+II or only I in the other specimens. Mesolophid is absent 
or rare in the m1, more frequent in the m2 and the m3, but always short. M1 with four roots.
Type locality—Sansan, France, (MN6, middle Miocene).
RECORDED SPECIES OF CRICETODOTINI
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Stratigraphical distribution in the Calatayud-Daroca Basin—local biozone F (MN6, 
upper Aragonian, middle Miocene) FO: LUM22 (13.76 Ma); LO: VT2C (13.68 Ma).
CRICETODON JOTAE Mein and Freudenthal, 1971
The most important features are: poor-developed mesolophs and posterolophs present in the 
upper molars. The anterior ectoloph of the M1 composed by the anterior ectoloph of the paracone 
or by the posterior ectoloph of the anterocone. The M1 with posterior ectoloph; composed by 
the posterior ectoloph of the paracone, by the anterior ectoloph of the metacone, or by both. The 
ectolophs are not completed. The main valleys frequently blocked by cinguls and styles. The lower 
molars have short or absent mesolophids, ectomesolophids and lingual anterolophids. Most of the 
m1 display metalophulid I and metalophulid II together in the same specimen, but some m1 have 
only metalophulid I or Metalophulid II. The m2 possess two or three roots and the posterior root 
that can be either partially or completely split.
Type locality—Manchones, Calatayud-Daroca Basin, Spain, local biozone G2, (MN6 
upper Aragonian, middle Miocene). 
Stratigraphical distribution in the Calatayud-Daroca Basin—local biozone G1-local 
biozone G3 (MN6-MN7/8, upper Aragonian, middle Miocene). FO: LP5B (13.56 Ma); LO: 
TOR1.
CRICETODON NIEVEI López-Guerrero, Álvarez-Sierra, García-Paredes 
and Peláez-Campomanes, 2014
The most important features of C. nievei are: the thick enamel; the presence of styles on 
the protosinus of the M1; the moderate development of the ectolophs—being incomplete in most 
specimens—; the moderately simple pattern of the M3; the presence of metalophulid I on the m1 
and absence of metalophulid II; the presence of ectomesolophid, and the moderately reduced m3. 
Type locality—Toril 3A, Calatayud-Daroca Basin, Spain local biozone G3 (MN7/8, upper 
Aragonian, middle Miocene).
Stratigraphical distribution in the Calatayud-Daroca Basin—Local biozone G3 
(MN7/8, upper Aragonian, middle Miocene). FO: TOR3A/3B (12.65 Ma); LO: LP5H (12.60 
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Ma).
HISPANOMYS AGUIRREI (Sesé Benito, 1977 in López Martínez et al., 1977)
Hispanomys aguirrei presents features such as: anterior ectoloph frequently double and 
complete, but also there are ectolophs simple and not complete; posterior ectoloph frequently 
complete and composed by both anterior ectoloph of the metacone and posterior ectoloph of the 
paracone; mesoloph in the upper molars almost always absent; frequently presence of posteroloph 
in the M3, which is well developed in some specimens; presence of metalophulid I and II together 
in the same m1 or only the metalophulid I; mesolophid and ectomesolophid highly reduced or 
absent and three-rooted m2.
Type locality—Escobosa de Calatañazor, Duero Basin, Spain (MN7/8, upper Aragonian, 
middle Miocene).
Stratigraphical distribution in the Calatayud-Daroca Basin—Local biozone G3 
(MN7/8, upper Aragonian, middle Miocene). FO: PJE1 (12.39 Ma); LO: CARR (11.33 Ma).
HISPANOMYS LAVOCATI (Freudenthal, 1966)
The most important features of H. lavocati are: well-developed ectolophs; frequently 
composed by both anterior and posterior ectolophs and connected; posterior ectoloph on the 
M3 usually starting from the protolophule instead of from the paracone; axioloph interrupted in 
several M3; absent metalophulid II in the m1 and m2 always three-rooted.
Type locality—Hostalets de Pierola, Vallés-Penedés Basin, Spain (MN7/8, upper 
Aragonian, middle Miocene).
Stratigraphical distribution in the Calatayud-Daroca Basin—local biozone G3, (MN7/8, 
upper Aragonian, middle Miocene). FO: NOM2 (11.87 Ma); LO: NOM4 (11.80 Ma).
HISPANOMYS NOMBREVILLAE (Freudenthal, 1966)
The most important features of H. nombrevillae are: four-rooted M1; anterior ectoloph 
always present, always complete and mainly composed by the posterior ectoloph of the anterocone; 
anterior ectoloph composed mainly by the anterior ectoloph of the paracone; posterior ectoloph 
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is always present and composed mainly by the posterior ectoloph of the paracone and the anterior 
ectoloph of the metacone, and it is always complete; mesoloph absent; valleys open or closed by a 
low cingulum; M3 highly reduced; mesolophid presents in half of the lower molars; metalophulid 
I is always present, some also have metalophulid II and most m2 displays three roots completely 
split. 
Type locality—Nombrevilla 1, Calatayud-Daroca Basin, Spain, local biozone H (MN9, 
lower Vallesian, upper Miocene).
Stratigraphical distribution in the Calatayud-Daroca Basin—local biozone H 
(MN7/8-MN9, upper Aragonian-lower Vallesian, middle-upper Miocene). FO: NOM9 (11.20 
Ma); LO: NOM1 (10.77 Ma).
HISPANOMYS ARAGONENSIS (Freudenthal, 1966)
The most important features of H. aragonensis are: relative small size; M1 with four roots; 
well-developed ectolophs, mainly double and always complete; the posterior ectoloph of the M2 
is oblique and connects the metacone to the point where the posterior protolophule reaches the 
longitudinal crest; mesoloph and enamel-coated valley frequent on the M3; weak lingual and labial 
posterolophs; valleys mainly blocked by low cingula; weak posteroloph on the M3; well-developed 
labial anterolophid; mesolophid present in most of the lower molars, it can be double or connected 
with the metacone; valleys closed by low cingulids; m1 frequently shows a metalophulid I, and in 
some specimes, the metalophulid II is also present.
Type locality—Pedregueras 2C, Calatayud-Daroca Basin, Spain, local biozone I (MN9, 
lower Vallesian, upper Miocene).
Stratigraphical distribution in the Calatayud-Daroca Basin—local biozone H-local 
biozone I, (MN9, lower Vallesian, upper Miocene). FO: NOM13 (10.72 Ma); LO: NOM19 
(9.98 Ma).
Discussion 
All the material of Cricetodontini from Calatayud-Daroca Basin is now taxonomically 
assigned, including the most recently recovered specimens (Table 9.1). Eight species of Criceto-
dontini split in two genera have been recognized; four belong to Cricetodon and the other four, 
to Hispanomys. The stratigraphical distribution of Cricetodontini in the Calatayud-Daroca Basin 
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(Fig. 9.2) ranges from the local biozone E to I for the middle and upper Aragonian, and lower 
Vallesian (middle-upper Miocene). The oldest species is C. soriae and the youngest is H. aragonensis. 
Hispanomys replaced Cricetodon in the middle of the local biozone G3, around 12.60 and 12.39 
Ma. 
The stratigraphical distributions of the studied species (Fig. 9.2) generally fit well with the 
local biozonation; those of Cricetodon soriae, C. sansaniensis and H. aragonensis coincide with the 
local biozones E, F, and I, respectively and therefore these species could be used as good biostra-
tigraphical markers. On the other hand, the distribution of Cricetodon jotae is longer and it ranges 
about 1 my, covering several local biozones (G1, G2 and partly G3). As it shown in figure 9.2, 
four species of Cricetodontini are present in local biozone G3 (C. jotae, C. nievei, H. aguirrei and 
H. lavocati). On the light of the distribution of this species and the unusually long duration of 
the G3 (1 my) the redefinition and subdivision of this biozone is recommended. Nevertheless, 
we suggest a study of the complete rodent fauna before proposing a new biozonation. The local 
biozonation built for the Calatayud-Daroca Basin (Daams et al., 1999; Van der Meulen et al., 
2012) uses mainly species of cricetids (Megacricetodon, Democricetodon and Eumyarion), eomyids 
(Ligerimys), sciurids (Heteroxerus) and Insectivores (Galerix). Nonetheless, such redefinition is out 
of the scope of this Ph.D.
The stratigraphical distribution of Hispanomys nombrevillae is placed within the local 
biozone H covering part of the late Aragonian and part of the early Vallesian. This is because of 
NOM9. This locality yields a small mammal assemblage typical from the biozone H (Álvarez-
Sierra et al., 2003; Garcés et al., 2003). The local biozone H is classically correlated to the lower 
Vallesian (Daams et al., 1999) but the beginning of the Vallesian is marked by the first ocurrence 
of Hipparion.  NOM9 presents large mammals typical from the Vallesian, but Hipparion is absent 
(Álvarez-Sierra et al., 2003) thus it has to be placed in the late Aragonian. In consecuence, the 
limit of local biozone H does not necessarily coincide with the Aragonian-Vallesian boundary. 
The age of NOM9 (and the limit of the local biozone H) is 11.21 Ma (Van Dam et al., in press), 
whereas the earliest occurrence of Hipparion in the Calatayud-Daroca Basin is in NOM1, dated 
in 10.77 Ma (Van Dam et al., in press).
Rögl and Daxner-Höck (1996) dated the oldest Hipparion remains at 11.20 Ma; Agustí 
et al. (2001) defined the Hipparion-datum at 11.10 Ma in the Vallès-Penedès Basin; Sen (1997) 
correlated the first appearance datum (FAD) of Hipparion with the chron C5m, at 10.80 Ma, 
and Krijgsman et al. (1996) placed the boundary of the Vallesian in the Duero Basin (Spain) in 
11.10 Ma. Therefore, it is widely accepted that the first occurrence of Hipparion can be considered 
diachronic. According to these data, the Hipparion-datum and age of the limit of the Vallesian 
ranges from 11.20 to 10.77 Ma. Moreover, in the Geologic Time Scale (Hilgen et al., 2012), the 
astrochronological age for this boundary is 11.20 Ma, which is consistent with the age of NOM9 
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(11.21 Ma). NOM9 lacks Hipparion, but its faunal assemblage is typical of the Vallesian, so the 
age of NOM9 agrees with the boundary between the Aragonian and the Vallesian.
The evolutionary patterns observed in the Cricetodontini from Calatayud-Daroca 
Basin agree with the following model: basal morphology in the first registered taxa (C. soriae, 
C. sansaniensis), mosaic configuration in most part of the late Aragonian (C. jotae, C. nievei, H. 
aguirrei and H. lavocati) and, finally, derived forms starting in H. nombrevillae. Most of the species 
from the Calatayud-Daroca Basin are endemic and therefore not found elsewhere. However, this 
morphological patterns are also recognized in the rest of the European Cricetodontini faunas, 
although not synchronously (Kälin and Kempf, 2009; Álvarez-Sierra et al., 2013a, 2013b; 
López-Guerrero et al., 2013b, 2014). In line with this, Van der Meulen et al., (2011, 2012) detected 
several asynchronies studying the rodent bioevents sequence between from the Calatayud-
Daroca Basin and central Europe during the early and middle Aragonian. The asynchrony in the 
evolutionary patterns of the Cricetodontini between Iberian and central Europe Basins provides 
new criteria that support the asynchronies noted by the works of Van der Meulen et al. (2011, 
2012). 
The estimated age of the localities containing these species of Cricetodontini spans a time 
range from 14.06 to 9.98 Ma (Daams et al., 1999; Van Dam et al., 2006, Van Dam et al., in press 
Table 9.1). Several important paleoclimatic changes have been detected within this interval; firstly, 
the Miocene Climatic Optimum (MCO), a period with high temperatures and humid tropical 
and subtropical conditions, is recorded worldwide (Zachos et al., 2001; Shevenell et al., 2004). 
The MCO predates the first occurrence of Cricetodon in the Calatayud-Daroca Basin. The MCO 
was followed by the Middle Miocene Climatic Transition (MMCT), a period characterized by 
Antarctic ice growth and gradual global cooling. The MMCT ends in a short-term drop in sea 
surface temperatures called the Middle Miocene Cooling (MMC). The MMC was triggered by the 
reestablishment of the eastern Antarctica ice sheet; it has been recognized also in some continental 
deposits from the Iberian Peninsula (Domingo et al., 2012) and represents the beginning of the 
cold climatic regime of the Neogene (Lear et al., 2000; Zachos et al., 2001; Shevenell et al., 2004). 
Hordijk (2010) noted that these climatic phases (MCO, MMCT and MMC) agreed 
well with the timing of the main changes in the mammal succession in the Calatayud-Daroca 
Basin. He pointed out that the gradual cooling of the MMCT is correlated with a prolonged 
immigration phase which produced an increase of the richness in the small mammal faunas. 
According to Hordijk (2010) the major turnover in the Calatayud-Daroca Basin took place during 
local biozones E to G2; consequently the FO of Cricetodon in the Calatayud-Daroca Basin (local 
Biozone E) is part of this event.
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Locality Abb. Biozone Age Species Locality Abb. Biozone Age Species
Nombrevilla 19 NOM19 I 9.98 H. cf. aragonensis Toril 1 TOR1 G3 ― C. jotae
Pedregueras 2C PED2C I 10.38 H. agonensis Alcocer 3 AC3 G3 ― C. jotae
Pedregueras 2A PED2A I 10.62 H. agonensis Alcocer 2 AC2 G3 ― C. jotae
Pedregueras 1A PDA I ― H. agonensis Alcocer 1 AC1 G3 ― C. jotae
Nombrevilla 14 NOM14 I 10.68 H. cf. aragonensis Villafeliche 9 VL9 G3 ― C. jotae
Nombrevilla 13 NOM13 I 10.72 H. cf. aragonensis Arroyo del Val VI ARV6 G2 ― C. jotae
Nombrevilla 22 NOM22 I ― H. cf. aragonensis Las Planas 5K LP5K G2 13.08 C. jotae
Cañada 11 CAÑ11 H ― H. cf. nombrevillae Las Planas 5L LP5L G2 13.16 C. jotae
Cañada 10 CAÑ10 H ― H. cf. nombrevillae Borjas BOR G2 ― C. jotae
Cañada 9 CAÑ9 H ― H. cf. nombrevillae Manchones MAN G2 ― C. jotae
Cañada 8 CAÑ8 H ― H. cf. nombrevillae Valtalto 1 VT1 G1 13.30 C. jotae
Nombrevilla 1 NOM1 H 10.77 H. nombrevillae Las Planas 5C LP5C G1 13.55 C. jotae
Nombrevilla 10 NOM10 H 11.18 H. cf. nombrevillae Las Planas 5B LP5B G1 13.56 C. jotae
Nombrevilla 9 NOM9 H 11.20 H. nombrevillae Valalto 2C VT2C F 13.68 C. sansanienis
Carrilanga 1 CARR1 G3 11.33 H. aguirrei Valtalto 2B VT2B F 13.70 C. sansanienis
Nombrevilla 4 NOM4 G3 11.80 H. aguirrei/H. lavocati Armantes 7 ARM7 F ― C. sansanienis
Nombrevilla 3 NOM3 G3 11.84 H. aguirrei/H. lavocati Las Umbrías 21 LUM21 F 13.75 C. sansanienis
Nombrevilla 2 NOM2 G3 11.87 H. aguirrei/H. lavocati Las Umbrías 22 LUM22 F 13.76 C. sansanienis
Solera SOL G3 12.01 H. cf. aguirrei Las Umbrías 20 LUM20 E 13.80 C. soriae
Paje 2 PJE2 G3 12.26 H. cf. aguirrei Las Planas 4C LP4C E 13.88 C. soriae
Paje 1 PJE1 G3 12.39 H. cf. aguirrei Las Umbrías 19 LUM19 E 13.95 C. soriae
Las Planas 5H LP5H G3 12.60 C. nievei Las Planas 4B LP4B E 13.96 C. soriae
Toril 3B TOR3B G3 12.65 C. nievei Las Planas 4BA LP4BA E ― C. soriae
Toril 3A TOR3A G3 12.65 C. nievei Las Planas 4A LP4A E 13.98 C. soriae
Toril 2 TOR2 G3 ― C. nievei Las Umbrías 16 LUM16 E 14.04 C. soriae
Las Umbrías 11 LUM11 E 14.06 C. soriae
TABLE 9.1. List of the localities from the Calatayud-Daroca Basin with Cricetodontini. The abbreviations used, local biozone 
and the species present in each locality are also presented. Calibration according with Daams et al. (1999) and Van Dam et al. 
(2006) Van Dam et al. (in press).
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FIGURE 9.2. Stratigraphical distributions of the species of Cricetodontini in the Calatayud-Daroca Basin. Their cor-
relations with local biozones, the MN system, continental stages and epoch are also presented (Data acquired from 
López-Guerrero et al., 2008, 2009, 2013a, 2013b, 2014).
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CONCLUSIONS
With the studies presented in the chapters from section III (Systematic Paleontology), all the material of Cricetodontini from the Calatayud-Daroca Basin has been taxonomically assigned at species level. The fossils revised 
in this study belongs to eight species. Cricetodon soriae from the local biozone E and Cricetodon 
sansaniensis from the local biozone F have basal traits. Cricetodon jotae, found in the local biozones 
G1, G2 and partly G3; Cricetodon nievei, Hispanomys aguirrei and Hispanomys lavocati from the 
local biozone G3; display a combination of basal and derivate characters. Finally, Hispanomys 
nombrevillae from the local biozone H and Hispanomys aragonensis from the local biozone I are 
derived representatives from the tribe Cricetodontini.
As is evident from the results described above, the stratigraphical distribution of some 
Cricetodontini from the Calatayud-Daroca Basin (C. soriae, C. sansaniensis, H. nombrevillae and H. 
aragonensis) demonstrates their suitability as biostratigraphical markers for the Calatayud-Daroca 
Basin. Moreover, we have been able to precise the distribution of the species of Cricetodontini 
belonging to the long G3. We have recognized the possibility of redefinition and subdivision 
of this local biozone. However, it is necessary to complete the study of the rest of fauna before 
proposing a new biozonation.
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“Knowledge is not a series of self consistent theories that converges 
towards an ideal view; it is rather an ever increasing ocean of 
mutually incompatible (and perhaps even incommensurable) 
alternatives”.
Paul Karl Feyerabend
Resumen
La taxonomía de los géneros de Cricetodontini es controvertida y 
en muchas ocasiones, se ha discutido ampliamente la adscripción genérica 
de algunas de sus especies. Además, el establecimiento de las relaciones 
filogenéticas de Cricetodontini es complicado debido al patrón morfológico 
en mosaico que muestran algunos de sus representantes. Se ha llevado a 
cabo un análisis cladístico de 51 especies pertenecientes a cinco géneros 
de Cricetodontini. En el cladograma consenso de los resultados, Cricetodon 
kasapligili se sitúa como la especie más basal del in-group. Deperetomys 
y Byzantinia son monofiléticos y Cricetodon es parafilético. Además, 
se necesitan datos suplementarios para poder establecer las relaciones 
filogenéticas de Ruscinomys e Hispanomys. Los géneros estudiados 
presentan la siguiente distribución geográfica: Deperetomys estaba presente 
en Anatolia y Europa Central, Cricetodon se distribuyó ampliamente, 
mientras Byzantinia estaba fuertemente relacionado con Anatolia, así 
como Ruscinomys e Hispanomys con la Península Ibérica. Se pueden sacar 
una serie de conclusiones paleobiogeográficas a partir de la observación 
del cladograma datado. Prestando antención a la distribución geográfica 
y cronológica de la tribu Cricetodontini se pueden observar tres eventos 
principales de migración dentro del grupo: el primero (18 Ma) fue aquel 
en el que Cricetodon salió de Anatolia. En el segundo (15 Ma) otra rama 
de Cricetodon migró fuera de Anatolia y se dispersó a través de Europa. En 
el último evento (14 Ma), la tribu Cricetodontini emigró al suroeste de 
Europa. Este último evento es coincidente con la primera aparición de los 
géneros Hispanomys y Ruscinomys en Europa, de Byzantinia en Asia Menor, 
así como con la última aparición de Deperetomys en Europa.
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Abstract
The taxonomy of the tribe Cricetodontini is controversial and the 
generic adscription of some species has been largely discussed. Besides, 
the establishment of the phylogenetic relationships of Cricetodontini is 
complicated due to the mosaic evolutionary pattern displayed by some of 
their representatives. A cladistics analysis involving 51 species of five genera 
of Cricetodontini has been carried out. Cricetodon kasapligili emerges as 
the most basal species of the in-group. Deperetomys and Byzantinia 
are monophyletic, Cricetodon is paraphyletic, and the analysis needs of 
supplemental data to establish the phylogenetic relationships of Ruscinomys 
and Hispanomys. The studied genera were geographically distributed 
as follows: Deperetomys was present in Anatolia and Central Europe, 
Cricetodon was widely distributed whereas Byzantinia was strongly related 
with Anatolia, and Ruscinomys and Hispanomys with the Iberian Peninsula. 
Based in a dated cladogram a number of paleobiogeographical conclusions 
can be interpreted. The geographical and chronological distribution of 
Cricetodontini indicates three main migration events within the group: 
the first one (18 Ma) took Cricetodon out of Anatolia. The second one (15 
Ma) took another branch of Cricetodon outside Anatolia and dispersed it 
through Europe. In the last event (14 Ma), the Cricetodontini migrated 
to south-western Europe; which is coincident with the first occurrence of 
the genera Hispanomys and Ruscinomys in Europe and Byzantinia in Asia 
Minor as well as the last occurrence of Deperetomys in Europe.
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INTRODUCTION
The tribe Cricetodontini includes cricetid rodents found in Europe, Northern Africa, and Asia ( Jaeger and Michaux, 1973; De Bruijn and Ünay, 1996; Rummel, 1999). They are well distinguished by the large size of their molars and by the 
presence of one or two highly variable ectolophs. The Cricetodontini were originated in the early 
Miocene and the latest known record is of Pliocene age (De Bruijn et al., 1993; García-Alix, 
2006).
According to Rummel (1999), the tribe includes eight genera: Cricetodon Lartet, 1851; 
Hispanomys Mein and Freudenthal, 1971a; Ruscinomys Déperet, 1890; Byzantinia De Bruijn, 
1976; Deperetomys Mein and Freudenthal, 1971a; Zramys Jaeger and Michaux, 1973; Meteamys 
De Bruijn and Saraç, 1992; and Eumyarion Thaler, 1966. Among them, Cricetodon, Hispanomys, 
Ruscinomys and Deperetomys are the most abundant and studied representatives of the tribe in 
Europe. Cricetodon is replaced by Byzantinia in Turkey (De Bruijn et al., 1993), becoming the 
most common Cricetodoniti in Anatolia. Given that these five genera are widely distributed in 
Europe and Asia Minor and they lumps a high number of species, our analysis will be focused on 
them.
The taxonomical classification of the Cricetodontini has been largely discussed. For example, 
Deperetomys was assigned to several subfamilies by different authors (Mein and Freudenthal, 
1971a; Ünay, 1989; De Bruijn et al., 1993; Maridet and Ni, 2013). Apart from this, as explained 
in chapter 5, Cricetodon firstly included a large number of European which are now included in 
other cricetid groups. However, recently, Sen and Erbajeva (2011) suggest that the taxonomical 
revision of Cricetodon is still necessary. In addition, as remarked in the section III (Systematic 
Paleontology) the generic assignment is, sometimes, very complicated because the differences 
among some Cricetodontini are not clear (De Bruijn, 1976; Sen and Ünay, 1979; Ünay, 1980; 
Ünay and De Bruijn, 1984; De Bruijn et al., 1993; De Bruijn and Ünay 1996; Casanovas-Vilar, 
2007; Prieto et al., 2010, 2014; López-Guerrero et al., 2014). 
There are several phylogenetic approaches that deal with the Cricetodontini from 
southwestern Europe (Cricetodon, Hispanomys and Ruscinomys). Figure 10.1 represents the different 
phylogenies proposed by various authors based in several criteria, morphology and size basically. 
Similarly, there are cladistic analyses including some species of Cricetodontini (Sen and Erbajeva, 
2011) or Cricetodon (Bi, 2005). Unfortunately, the phylogeny made by Bi (2005) is unpublished 
and it will not be discussed in the present chapter. 
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The main aim of this work is to test the phylogenetic relationships of the species from 
the Calatayud-Daroca Basin presented in chapters 5, 6, 7 and 8. Additionally, the phylogenetic 
hypotheses on Eurasian Cricetodontini proposed by previous authors will be tested. Another 
objectives are to reassess the generic ascription of some species and, finally, to describe a general 
overview of the paleobiogeographical and evolutionary history of the Cricetodontini.
FIGURE 10.1. Former phylogenies proposed for the tribe Cricetodontini: (a). Freudenthal, 1966; (b). Mein and Freudenthal, 
1971a; (c). Van de Weerd, 1976; (d). Agustí, 1980.
(a) (b)
(c) (d)
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MATERIAL & METHODS
Parsimony analyses have been performed to assess the phylogenetic affinities including the whole array of Miocene Cricetodontini of Europe, Anatolia and China. The in-group contains 51 operational taxonomic units (OTU) representing the 
following genera of Miocene and Pliocene Cricetodontinae: Cricetodon, Hispanomys, Ruscinomys, 
Byzantinia and Deperetomys. The rodent Democricetodon franconicus (Falhbusch, 1966), considered 
as a primitive cricetid (Sen and Erbajeva, 2011), has been selected as out-group. The data matrix 
includes 103 characters considered as homologous (Appendix 10.1). The characters have been 
mainly based on dental morphology (Fig. 10.2) and size. Data has been collected from fossils and 
photographs of the type series as well as from literature, resulting in the largest morphometrical 
dataset used in a Cricetodontinae cladistic analysis to date. Table 10.1 provides all the information 
about the studied material. Each character has been chosen to fit the criteria established by 
Gomes-Rodrigues et al. (2009): it is included in the different diagnoses proposed for the studied 
genera, it is widely used in taxonomy and its variation shows independence between upper and 
lower teeth. Non-preserved characters (features not observed due to taphonomical problems or 
not described in the original publications, the information might be included in the future) has 
been coded as “?” and non-applicable characters (features not found in the OTU, the information 
will never be included) has been coded as “-”. The data matrix has a very low proportion of missing 
data: only 9.62% of the total cells contain question marks. 
Size has been coded in three states of character (“large”, “medium” and “small” size of the 
M1). The limits among them are the percentiles (P) calculated for the means of the studied sample. 
Hence, “large” are those sizes which have means larger than the P75 value. Between P75 and P50 
are “medium” ones, and “small” are those smaller than P50. Similar procedure has been used in the 
codification of the metric indexes. For the length m2/length m3 index, only two codes are used; 
“less than the P50” and “more than the P50”. These limits are specific for our studied sample. That 
means that if any further studies include new species or new measurements of the studied ones, 
they should be recalculated. Table 10.2 presents the percentiles calculated for size and the metric 
indexes. Within the 103 characters, 56 are binomial and 47 are multistate. Characters scored as 
having multiple states are interpreted as polymorphic. Multistate characters are unordered and no 
character is weighted. 
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TABLE 10.1. List of the species included in the in-group of the cladistic analysis. The observation code is present in the sixth 
column: *: personal observation; +: data acquired from recent publications with accurate and detailed descriptions and good 
quality photographs, and -: data taken from vague descriptions or only one photograph.
Species Locality Original reference Age References (For the Age) code
R. europaeus Perpignan Depéret, 1890 MN14/15 Rummel, 1999 *
R. schaubi Los Mansuetos Crusafont and Villalta, 1956 MN14 Rummel, 1999 -
H. adroveri Casa del Acero Agustí, 1986 MN12 Rummel, 1999 -
H. baixasi Lo Fournas 16-M Aguilar et al., 2007 MN11 Aguilar et al., 2007 -
H. peralensis Peralejos C Van de Weerd, 1976 MN10 Van de Weerd, 1976 *
H. moralesi Batallones 10 López-Antoñanzas et al., 2010 MN10 López-Antoñanzas et al., 2010 +
H. mediterraneus Montredon Aguilar, 1982 MN10 Aguilar, 1982 -
H. daamsi Can Missert Agustí et al., 2005 MN9 Gómez Cano et al., 2011 +
H. aragonensis Pedregueras 2C Freudenthal, 1966 MN9 Daams et al., 1999 *
H. nombrevillae Nombrevilla 1 Freudenthal, 1966 MN9 Daams et al., 1999 *
H. thaleri Can Llobateres Hartenberger, 1965 MN9 Agustí et al., 1984 -
H. bijugatus La Grive-Saint Alban, L3 Mein and Freudenthal, 1971a MN7/8-MN9 López-Antoñanzas and Mein, 2009 +
H. dispectus Hostalets de Pierola Agustí, 1980 MN7/8-MN9 Agustí, 1980 +
H. decedens La Grive-Saint Alban, L5' Schaub, 1925 MN7/8 López-Antoñanzas and Mein, 2009 +
H. lavocati Hostalets de Pierola Freudenthal, 1966 MN7/8 Agustí, 1980 *
H. aguirrei Escobosa de Calatañazor López-Martínez et al., 1977 MN7/8 López-Martínez et al., 1977 *
H. castelnovi Castelnou 6 Aguilar et al., 1994 MN6? Aguilar et al., 1994 -
D. hangi Giggenhausen Fahlbusch, 1964 MN7/8 De Bruijn et al., 1993 +
D. intermedius Harami 1 De Bruijn et al., 1987 MN2 De Bruijn et al., 1993 +
D. anatolicus Kilçak 0" De Bruijn et al., 1993 MN1 De Bruijn et al., 1993 +
'C' fandli Gratkorn Prieto et al., 2010 MN7/8 Prieto et al., 2010 *
'C'. klariankae Felsőtárkány-Felnémet Hír, 2007 MN7/8 Hír, 2007 *
C. jumaensis Petersbuch 18 Rummel, 2001 MN7/8 Rummel, 2001 -
C. bolligeri Petersbuch 10 Rummel, 1995 MN7/8 Rummel, 1995 *
C. cariensis Sariçay Sen and Ünay, 1979 MN7/8 Sen and Ünay, 1979 -
C. albanensis La Grive-Saint Alban Mein and Freudenthal, 1971a MN7/8 Mein and Freudenthal, 1971a *
C. nievei Toril 3A López-Guerrero et al., 2014 MN7/8 Álvarez-Sierra et al., 2003 *
C. engesseri Chräzerentobl 505m Rummel and Kälin, 2003 MN6-MN7/8 Rummel and Kälin, 2003 -
C. sansaniensis Sansan Schaub, 1925 MN6 De Bruijn et al., 1992 *
C. pasalarensis Pasalar Tobien, 1978 late MN6 Peláez-Campomanes and Daams, 2002 -
C. jotae Manchones Mein and Freudenthal, 1971a MN6, biozone 
G2
De Bruijn et al., 1992 *
C. hungaricus Hasznos Kordos, 1986 MN6 De Bruijn et al., 1993 -
C. caucasicus Belometchetskaya Argyropulo, 1938 late MN6 De Bruijn et al., 1992 -
C. soriae Somosaguas Hernández-Fernández et al., 2006 MN5, biozone E Hernández-Fernández et al., 2006 *
C. meini Vieux-Collonges Freudenthal, 1963 MN5 Mein and Freudenthal, 1971b *
C. candirensis Candir Tobien, 1978 MN5 De Bruijn et al., 2003 -
C. aureus Vieux-Collonges Mein and Freudenthal, 1971b MN5 Mein and Freudenthal, 1971b *
C. volkeri Songlinzhuan Wu et al., 2009 early Miocene Wu et al., 2009 -
C. aliveriensis Aliveri Klein Hofmeijer and de Bruijn, 1989 MN4 Klein Hofmeijer and de Bruijn, 1988 +
C. wanhei Dingshanyanchi Qiu, 2010 middle Miocene Qiu, 2010 -
C. tobieni Horlak 1a De Bruijn et al., 1993 MN3-MN4 Tobien, 1978 -
C. kasapligili Keseköy De Bruijn et al., 1993 MN3 De Bruijn et al., 1993 +
C. versteegi Kilçak 3a De Bruijn et al., 1993 MN1 De Bruijn et al., 1993 +
B. pikermiensis Pikermi (Chomateri) De Bruijn, 1976 MN12 Rummel, 1999 -
B. hellenicus Samos Island Freudenthal, 1970 MN11 Kostopoulos, 2009 -
B. nikosi Biodrak De Bruijn, 1976 Vallesian Rummel, 1999 -
B. dardanellensis Bayraktepe II Ünay, 1980 middle Vallesian Rummel, 1999 -
B. ozansoyi Bayraktepe I Ünay, 1980 late aragonian Rummel, 1999 -
B. sofçaensis Sofça Tobien, 1978 MN8 Rummel, 1999 -
B. bayraktepensis Bayraktepe I Ünay, 1980 late aragonian Rummel, 1999 -
B. eskihisarensis Yeni Eskihisar Tobien, 1978 middle Miocene Rummel, 1998 -
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Figure 10.2. Terminology of the parts of the cheek teeth of Cricetodontini. Only the morphology of the upper molars 
and the m1 has been drawn; however, this nomenclature can be applied for the rest of the lower molars. (Modified after 
López-Guerrero et al., 2013.)
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Character states have been defined as follow: 
1. Size - Lengh of the M1: 0 = less than 3.2mm, 1 = between 3.2mm and 3.38mm, 2 = more than 3.38mm.
2. Groove of the upper incisor: 0 = absent, 1 = present.
3. Hypsodonty: 0 = low, 1 = high.
4. Shape of the cusps: 0 = ‘inflated’, 1 = slender, 2 = fused with the ectolophs. 
5. Sinuous ectolophs: 0 = absent, 1 = present.
6. Contour: 0 = straight, 1 = sinuous.
7. Wear: 0 = plain, 1 = concave. 
8. Upper molars: Enamel-coated valley: 0 = present, 1 = absent.
9. M1 - Anterocone: 0 = simple/undivided, 1 = slightly divided, 2 = strongly divided.
10. M1 - Anterior valley between the lobes of the anterocone: 0= absent, 1 = present.
11. M1 - Lingual spur of the anterolophule: 0= absent, 1 = present. 
12. M1 - Protocone spur: 0= mostly absent, 1 = present.
13. M1 - Labial spur of the anterolophule: 0 = present at least in some specimens, 1 = always absent.
14. M1 - Lingual anteroloph: 0= mostly absent, 1 = absent.
15. M1 - Protostyle: 0 = absent, 1 = present in some specimens, 2 = always present.
16. M1 - Protosinus: 0 = at least partially closed, 1 = open, 2 = absent.
17. M1 - Anterior ectoloph: Posterior ectoloph of the anterocone: 0 = absent in some specimens, 1 = present, 
 2 = present and curved towards the anterosinus.
18. M1 - Anterior ectoloph: Anterior ectoloph of the paracone: 0 = absent at least in some specimens, 1 = present.
19. M1 - Anterior ectoloph: Connection: 0 = absent, 1 = present in some specimens.
20. M1 - Posterior ectoloph: Anterior ectoloph of the metacone: 0 = absent in some specimens, 
 1 = always present. 
21. M1 - Posterior ectoloph: Posterior ectoloph of the paracone: 0 = absent in some specimens, 1 = always present,
 2 = present and curved towards the mesosinus.
22. M1 - Posterior ectoloph: Connection: 0 = always incomplete, 1 = complete in some specimens, 
 2 =connected through the long mesoloph. 
23. M1 - Anterolingual cingulum: 0 = absent, 1 = present in some specimens, 2 = always present. 
24. M1 - Labial posteroloph: 0 = well developed, 1 = poorly developed, 2 = absent. 
25. M1 - Anterosinus closed by a cingulum: 0 = present in more than 50% of the specimens, 
 1 = present in less than 50% of the specimens, 2 = always absent. 
26. M1 - Mesosinus closed by a cingulum: 0 = present in more 50% of the specimens, 
 1 = present in less than 50% of the specimens, 2 = always absent. 
27. M1 - Sinus closed by a cingulum: 0 = mostly complete, 1 = mostly incomplete, 2 = always absent.
28. M1 - Protolophule: 0 = anterior present in some specimens, 1 = double, anterior and posterior always present, 
 2 = only the posterior is present. 
29. M1 - Sinus direction: 0 = anterior, 1 = transverse, 2 = posterior. 
30. M1 - Style on the sinus: 0 = present at least in some specimens, 1 = always absent. 
31. M1 - Entomesoloph: 0 = present at least in some specimens, 1 = always absent. 
32. M1 - Mesoloph: 0 = long, 1 = short, 2 = absent. 
33. M1 - Lingual posteroloph: 0 = well developed, 1 = poorly developed, 2 = absent. 
34. M1 - Roots: 0 = three, 1 = four, 2 = five. 
35. M2 - Lingual anteroloph: 0 = well developed, 1 = short, 2 = absent. 
36. M2 - Anterior ectoloph: 0 = absent, 1 = present in some specimens, 2 = always present. 
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37. M2 - Anterior ectoloph: Connection: 0 = absent, 1 = present in some specimens, 
 2 = always connected. 
38. M2 - Posterior ectoloph: Anterior ectoloph of the metacone: 0 = always absent, 
 1 = present in some specimens, 2 = always present. 
39. M2 - Posterior ectoloph: Posterior ectoloph of the paracone: 0 = absent in some specimens, 1 = always present.
40. M2 - Posterior ectoloph: Connection: 0 = always incomplete, 1 = complete in some specimens or always 
 complete, 2 = connected through the mesoloph.
41. M2 - Anterosinus closed by a cingulum: 0 = present, 1 = connected through the mesoloph, 2 = absent.
42. M2 - Mesosinus closed by a cingulum: 0 = present, 1 = narrow platform + low cingul, 2 = absent. 
43. M2 - Sinus closed by a cingulum: 0 = absent, 1 = present. 
44. M2 - Protocone spur. 0 = mostly absent, 1 = present. 
45. M2 - Style on the sinus: 0 = absent, 1 = present in some specimens, 2 = always present. 
46. M2 - Entomesoloph: 0 = present in some specimens, 1 = always absent. 
47. M2 - Mesoloph: 0 = absent, 1 = present, 2 = long. 
48. M2 - Lingual posteroloph: 0 = well developed, 1 = poorly developed, 2 = absent. 
49. M3 - Lingual anteroloph: 0 = present, 1 = weak, 2 = absent. 
50. M3 - Labial anteroloph: 0 = absent, 1 = present in some specimens, 2 = always present. 
51. M3 - Anterior ectoloph: Anterior ectoloph of the paracone: 0 = absent, 1 = present in some specimens, 
 2 = always present, 3 = it is certainly the posterior ectoloph of the anteroloph. 
52. M3 - Anterior ectoloph: Connection: 0 = always absent, 1 = present.
53. M3 - Posterior ectoloph: Anterior ectoloph of the metacone: 0 = absent, 
 1 = present in some specimens. 
54. M3 - Posterior ectoloph: Posterior ectoloph of the paracone: 0 = absent in some specimens, 1 = always present.
55. M3 - Posterior ectoloph of the M3 curved: 0 = absent, 1 = present. 
56. M3 - Posterior ectoloph: Connection: 0 = never connected, 1 = connected in at least one specimen. 
57. M3 - Labial cingulum: 0 = present, 1 = absent. 
58. M3 - Lingual cingulum: 0 = complete, 1 = incomplete, 2 = absent. 
59. M3 - Neo-entoloph: 0 = present in some specimens, 1 = always absent. 
60. M3 - Mesoloph: 0 = long, 1 = short, 2 = absent. 
61. M3 - Metaloph: 0 = anterior, 1 = transversal, 2 = posterior. 
62. M3 - Axioloph: 0 = continuous, 1 = interrupted. 
63. M3 - Posteroloph: 0 = present, 1 = absent. 
64. M3 - Posterosinus: 0 = present, 1 = absent. 
65. M3 - Length M1/ Length M3: 0 = less than 1.62, 1 = between 1.62 and 1.78, 2 = more than 1.78. 
66. m1 - Situation of the anteroconid: 0 = in the middle of the longitudinal axis, 1 = labially displaced.
67. m1 - Shape of the anteroconid: 0 = elongated, 1 = rounded. 
68. m1 - Labial anterolophid: 0 = absent, 1 = present in some specimens and short, 
 2 = present in some specimens and well developed. 
69. m1 - Lingual anterolophid: 0 = present, 1 = absent. 
70. m1 - Spur of the anterolophulid: 0 = present, 1 = absent. 
71. m1 - Metalophulid I, solely: 0 = absent, 1 = interrupted, 2 =present. 
72. m1 - Metalophulid II, solely: 0 = absent, 1 = present, 2 = transversally displace. 
73. m1 - Metalophulid I and II together: 0 = absent, 1 = present. 
74. m1 - Mesosinusid closed by a cingulid: 0 = absent, 1 = frequently present (more than 50%), 
 2 = always present. 
75. m1 - Mesolophid: 0 = long, 1 = short, 2 = absent. 
76. m1 - Ectomesolophid: 0 = absent, 1 = interrupted, 2 = present. 
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77. m1 - Sinusid: 0 = open, 1 = closed. 
78. m1 - Spur on the entoconid and metaconid: 0 = both always absent, 
 1 = both present in some specimens. 
79. m1 - Hypolophulid connected with the mesolophid: 0 = absent, 1 = present. 
80. m1 - Protosinusid: 0 = absent, 1 = present. 
81. m1 - Stylid on the sinus: 0 = present in some specimens, 1 = absent. 
82. m1 - Protostylid: 0 = present in some specimens, 1 = absent. 
83. m2 - Labial anterolophid: 0 = present, 1 = absent.  
84. m2 - Lingual anterolophid: 0 = present in some specimens, 1 = absent.  
85. m2 - Mesolophid: 0 = long, 1 = short, 2 = absent, 3 = connected. 
86. m2 - Mesosinusid closed by a cingulid: 0 = absent, 1 = present. 
87. m2 - Sinusid: 0 = closed, 1 = open.
88. m2 - Hypolophulid connected with the mesolophid: 0 = absent, 1 = present. 
89. m2 - Protosinusid: 0 = well developed, 1 = poorly developed or absent. 
90. m2 - Stylid on the sinus: 0 = present in some specimens, 1 = always absent. 
91. m2 - Ectomesolophid: 0 = present, 1 = absent. 
92. m2 - Posterolophid: 0 = long, 1 = short. 
93. m2 - Number of roots: 0 = two, 1 = three. 
94. m3 - Labial anterolophid: 0 = present, 1 = absent. 
95. m3 - Lingual anterolophid: 0 = absent, 1 = present in some specimens, 2 = always present. 
96. m3 - Metalophulid: 0 = posterior, 1 = double, 2 = anterior. 
97. m3 - Mesolophid: 0 = long, 1 = short, 2 = absent, 3 = connected. 
98. m3 - Hypolophulid connected with the mesoloph: 0 = absent, 1 = present. 
99. m3 - Mesosinusid closed by a cingulid: 0 = absent, 1 = present in more or less the 50% of the specimens,
 2 = always present. 
100. m3 - Protosinusid: 0 = absent, 1 = partially closed, 2 = closed. 
101. m3 - Stylid on the sinus: 0 = present, 1 = absent.
102. Length m1/length m3: 0 = less than 1.10, 1 = between 1.10 and 1.14, 2 = more than 1.14. 
103. Length m2/length m3: 0 = less than 1.06, 1 = more than 1.06. 
A parsimony analysis was conducted with TNT software (Golobof et al., 2008). A 
traditional search using Wagner trees (1000 replicates, TBR algorithm) was performed. Bremer 
support values were calculated as a measure of node robustness. This index examines how many 
additional steps are required for losing a branch in the consensus cladogram (Morrone, 2000; 
Bremer, 1988; 1994).
LM1 LM1/LM3 Lm1/Lm3 Lm2/Lm3
Min 2.01 1.32 0.94 0.94
P50 3.20 1.62 1.10 1.06
P75 3.38 1.78 1.14 —
Max 5.75 2.53 1.28 1.23
TABLE 10.2. Values of the percentiles calculated for 
the size and indexes of the studied sample. Based on the 
mean lenght of each localiy. Abbreviations: Min, mini-
mum; P50, percentile 50; P75, percentile 75; Max, maxi-
mum; L, length.
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RESULTS
A traditional search have recovered four most-parsimonious trees (MPT), with a total 
length of 773 steps (Consistency index (CI): 0.194; Retention index (RI): 0.578) and five clades 
(Fig. 10.3). Our phylogenetic analysis explores the monophyly and composition of Cricetodontini, 
testing the hypotheses of relationships proposed by previous authors (mentioned in chapters 5, 6, 
7 and 8, and some of the illustrated in figure 10.1). Present work does not intend to be a complete 
phylogenetic study of the whole tribe Cricetodontini, because we have just focused on several taxa 
that have been historically controversial.
The strict consensus presents two politomies involving the Node J and Byzantinia remained 
unresolved (Fig. 10.3). The distributions of the character states for the internal and terminal nodes 
are detailed in figures 10.4, 10.5 and 10.6.
In our phylogenetic analysis, three main groups clearly emerge within Cricetodontini. One 
of the genera analysed, Cricetodon, results clearly paraphyletic. The three groups are distributed in 
two main clades (Node C) and a group of basal species. 
The species Cricetodon kasapligili and C. versteegi are basal, forming successive sister species 
to the two main clades (Node C). 
The Node A is composed by nine OTUs belonging to Cricetodon and Deperetomys. Cricetodon 
aliverensis, C. aureus, C. jumaensis and C. engesseri, are successive sister species to the Node D. 
Cricetodon nievei is sister species to C. bolligeri (Node B) which is diagnosed by the following 
synapomorphies: presence of anterolingual cingulum; entomesoloph present in some M1 and M2, 
and absence of posteroloph. Node B is sister group to clade Deperetomys (Node E) 
The Node F contains 32 species. The basal positions within Node F are occupied by three 
successive sister species to Node J. Node J displays a basal politomy composed by Cricetodon 
pasalarensis, Node I and Node K. 
Node I is defined by: Cricetodon soriae, C. sansaniensis, C. meini and C. jotae. 
Node K is composed by four species (Cricetodon albanensis, C. hungaricus, C. candirensis and 
C. cariensis) forming successive sister species to Node O. Clade O is composed by two main clades, 
RESULTS & DISCUSSION
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C. caucasicus + Byzantinia (Node M) and ‘Cricetodon’ fandli + Hispanomys + Ruscinomys (Node P).
DISCUSSION
The systematics of Cricetodontini are controversial (Rummel, 1999; Prieto et al., 2010; 
Sen and Erbajeva, 2011; López-Guerrero et al., 2013). Within the five studied genera, Cricetodon 
Lartet, 1851 is the first described. As discussed in chapter 5, Cricetodon originally included some 
species that are now ascribed to other cricetid genera. However, in the cladistic analysis performed 
by Sen and Erbajeva (2011), Cricetodon was paraphyletic and these authors questioned whether 
the content of Cricetodon is homogeneous. They pointed out that Cricetodon lumps 20 species and 
its chronostratigraphic range covered the entire early and middle Miocene, with dental patterns 
differing greatly from one species to another. Thus, they suggested that a revision of the species of 
Cricetodon was still necessary. Our results, that also point out that Cricetodon is paraphyletic, are in 
agreement with those of Sen and Erbajeva (2011). This problem will be further addressed in this 
chapter.
In Node A Cricetodon aliverensis, C. aureus, C. jumaensis and C. engesseri are successive sister 
species to the Node D, which contains Node B (C. nievei + C. bolligeri) and Node E (Deperetomys 
anatolicus, D. intermedius and D. hagni).  The support of Node A is weak, the synapomorphies 
that diagnose it—presence of a protocone spur in the M1; well-developed lingual anteroloph 
in the M2; anterior ectoloph present in some M2; style present in the sinus of some M2 and 
the length m1/length m3 index between 1.10 and 1.14—are important characters because 
they show low intraspecific variability; however, they suffer reversions and are also present in 
other Cricetodontini. Therefore, we cannot fully confirm the phylogenetic relationship between 
Deperetomys and the species of Cricetodon from Node A. Other authors (Ünay, 1989; De Bruijn et 
al., 1993; Maridet and Ni, 2013) related Deperetomys with Eumyarion, Meteamys, and Mirrabella, 
from Asia. Consequently, we consider that the addition of these genera into the analysis will help 
to understand the relationships within Node A.
The species of Node F share the presence of entomesoloph in some M2 and a weak lingual 
anterolophid in the m3. In our MPT, Cricetodon tobieni is the most basal species in Node F, 
together with C. volkeri and C. wanhei. These OTUs are successive sister groups to the rest of the 
clade F.
Node J is a politomy involving C. pasalarensis, Node I and Node K. The original trees offer 
two possible options of C. pasalarensis, either at the base of the Node I (Fig. 10.3a) or as sister 
group to Node K (Fig. 10.3b). Unfortunately, we do not have enough criteria to support none of 
them and the position of Cricetodon pasalarensis remains uncertain.
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The monophyly of Node I (C. sansaniensis, C. soriae, C. meini and C. jotae) is supported by the 
following synapomorphies: labial spur of the anterolophule always absent in the M1; protocone 
spur always present in the M2; entomesoloph on the M2 always absent; the lingual posteroloph in 
the M2 poorly developed; presence of two crests on the lingual cingulum of the M3 and absence 
of cingulid closing the mesosinusid in the m3. In chapter 5, we reported that C. soriae may be 
related to the Anatolian species of Cricetodon based on the presence of common features (De 
Bruijn et al., 1993; López-Guerrero et al., 2013). Our MPT rejects this hypothesis as C. soriae is 
placed in a basal position in the Node I. The results of our analysis indicate that Cricetodon soriae is 
more closely related to the species of Cricetodon from Europe than to the Anatolian ones. 
Node K include species of Cricetodon, Byzantinia, Hispanomys and Ruscinomys. Several 
authors (Ünay, 1980; Aguilar, 1982) proposed that Hispanomys was related with the Turkish genus 
Byzantinia, most likely sharing a common ancestor from Eastern Europe during the middle 
Miocene. Our phylogenetic analysis shows that Byzantinia and Hispanomys are sister groups. 
Besides, the Turkish species Cricetodon cariensis is basal to Byzantinia and Hispanomys, suggesting 
a common Asian origin for these genera. The monophyly of C. caucasicus + Byzantinia (Node 
M) is supported by: high hypsodonty; absence of protostyle in M1; anterior ectoloph of the 
metacone always present in the M1; absence of cingulum in the mesosinus of the M1; weak 
lingual anteroloph in the M3 and sinusid closed in the m1. Although these are important features, 
they are also very variable among Cricetodontini. 
The clade Byzantinia is defined as the one comprising B. sofçaensis + B. hellenicus, their most 
recent common ancestor and all its descendants. Byzantinia (Node N) is diagnosed by: concave 
wear; the presence of an anterior valley between the two lobes of the anterocone in the M1, the 
absence of lingual posterolophid in the m2, the labially situated anteroconid in the m1 and the 
closed protosinusid in the m3. 
The monophyly of ‘Cricetodon’ fandli + Hispanomys + Ruscinomys (Node P) is supported by 
four synapomorphies: absence of enamel-coated valley; presence of style on the sinus of some 
M1 and mesoloph absent in the M1 but present in the M2. This clade is the sister group to C. 
caucasicus + Byzantinia.
The monophyly of H. lavocati, H. aguirrei, H. decedens + H. bijugatus (Node Q) is supported 
by: entomesoloph present in some M1 and anterior ectoloph present in some M2. The clade 
including the rest of Hispanomys and Ruscinomys (Node S) is defined by: protostyle and anterior 
protolophule present in some M1; absent anterosinus and well-developed lingual posteroloph in 
the M2, and lingual anteroloph absent and anterior ectoloph of the paracone present in some M3. 
Node S is supported by six synapomorphies, whereas there are two in Node Q. This points out the 
more conservative character of the species H. lavocati, H. aguirrei, H. decedens and H. bijugatus in 
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contrast to the rest of the species of Hispanomys and Ruscinomys.
‘Cricetodon’ klariankae is placed as sister group of H. daamsi (Node T). This relationship is 
supported by the length of the M1 larger than 3.38mm; protostyle always present, open protosinus 
and sinus without style in the M1 and short posterolophid in the m2. The monophyly of Node R 
is supported by: absence of the lingual spur of the anterolophule; presence of complete anterior 
ectoloph and protocone spur in the M2; absence of mesoloph in the M2; presence of a stylid in the 
mesosinus of some m1 and length m1/length m3 index higher than 1.14. ‘Cricetodon’ klariankae 
was related with ‘C’. fandli and also with H. bijugatus (Prieto et al., 2010, 2014). The results of our 
analysis reject these hypotheses.
Hispanomys and Ruscinomys display a similar morphology and some species were ascribed to 
both genera (e.g., H. thaleri). The species of Ruscinomys are placed with several derived species of 
Hispanomys (Fig. 10.3) showing that the monophyly of Hispanomys is highly dubious. The analysis 
needs the addition of the remaining species of Ruscinomys and supplemental morphological 
data, especially features present in Ruscinomys, to assess the possible synonymy with Hispanomys. 
Therefore, we decided to maintain the status of both genera.
In general, the synapomorphies present in the main nodes from our MPT reveal changes in 
the morphological pattern (Fig. 10.7). The basal forms (Fig. 10.7, labels 1-3) show well-developed 
transversal structures (mesoloph, entomesoloph, posteroloph, protocone spur, mesolophid and 
ectomesolophid). The cingular formations are present and therefore, the contour is straight. These 
basal forms also present a non-reduced third molar. In the more derived forms, (Fig. 10.7, labels 
4-6) the pattern generally becomes simpler (the cingular formations and styl-ids are less frequent) 
and the transversal lophs (ectolophs) more developed. The third molar starts to reduce its length. 
In the derived forms, the cingular formations and transversal lophs disappear, so the contour is 
sinuous. Additionally, the longitudinal lophs are completely formed and the general pattern is 
selenodont-like with high hypsodonty. 
CRICETODONTINI FROM THE CALATAYUD-DAROCA BASIN
The relationships of the Cricetodonini from the Calatayud-Daroca Basin and the hypotheses 
previously stated (Fig. 10.1) will be discussed. In our MPT, Cricetodon soriae is the most basal taxa 
of Node I and it is closely related with the other southwestern Europe species C. sansaniensis, C. 
meini and C. jotae. As discussed above, our analysis rejects the hypothesis discussed in chapter 5 
which, according to De Bruijn et al. (1993), states that C. soriae is closely related to the species 
from Asia Minor. 
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Cricetodon sansaniensis was included by some authors (Mein and Freudenthal, 1971a; 
Maridet and Sen, 2012) in the anagenetic lineage C. aureus-C. sansaniensis-C. albanensis. In our 
MPT, C. sansaniensis is a member of Node I, whereas Cricetodon aureus is placed in Node A. 
Therefore, C. aureus and C. sansaniensis are not directly related. 
According to the opinion of Mein and Freudenthal (1971a), Cricetodon jotae is related to 
C. meini. Our results support this relationship because C. jotae and C. meini are sister species. 
Cricetodon jotae is the most derived species of Node I and also the most recent member of the clade 
(late Aragonian) (Daams et al., 1999; López-Guerrero et al., in press). Its main morphological 
innovations lie almost exclusively in the M1 and M2 (Fig. 10.5). Thus, in this clade, the most 
derived morphology is that of the upper molars of C. jotae. 
As discussed in chapter 7, C. nievei shares more features with the species from the central 
Europe basins than with those from the Calatayud-Daroca Basin (López-Guerrero et al., 2014). 
In our MTP, C. nievei is sister group to C. bolligeri (endemic from central Europe) and both are 
grouped with other central European species (C. engesseri, C. jumaensis and D. hagni), which agrees 
with the phylogenetic relationship discussed before.
Hispanomys aguirrei is situated in Node P among the other species of Hispanomys (Fig. 
10.3) indicating that its assignation to Hispanomys is correct. As discussed in chapters 6, 7 and 8, 
C. jotae was pointed as the ancestor of H. aguirrei (Fig. 10.1d). However, the mosaic morphological 
patterns described for both species hindered the evaluation of their phylogenetic relationships. 
Our MPT rejects this association, since both species are placed separately. Cricetodon jotae is sister 
species to C. meini (Node I) and Hispanomys aguirrei is sister species to H. lavocati within Node 
Q (Fig. 10.3). As detailed in chapter 8, Hispanomys lavocati shows a general pattern more derived 
than H. aguirrei (Fig. 10.6) and they could be related, our MPT support this relationship. 
The generic assignation and phylogeny of H. lavocati were discussed by many authors 
(See Chapter 8). Hispanomys lavocati is situated in the strict consensus (Fig. 10.3) as a member 
of Hispanomys closely related with the other southwestern Europe Hispanomys from the late 
Aragonian. This supports its ascription to Hispanomys.
There are two phylogenetic hypotheses proposed for H. lavocati. Some authors (Mein and 
Freudenthal,1971a; Agustí, 1982) related H. lavocati with the southwestern European species 
Cricetodon albanensis or Cricetodon cf. sansaniensis from Armantes 7 (Fig. 10.1a; 10.1b; 10.1d). De 
Bruijn et al. (1993) and De Bruijn and Ünay (1996) noted that H. lavocati shares several dental 
characteristics with the Asiatic representatives of Cricetodontini and they interpreted this species 
as a late Miocene immigrant from Asia Minor. Our MPT rejects both phylogenetic hypotheses 
since H. lavocati appears closely related to other species of Hispanomys from southwestern Europe.
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The phylogeny of Hispanomys nombrevillae was studied by many authors (Mein and 
Freudenthal, 1971a; Agustí, 1982) and is discussed in chapter 8. It was related with H. bijugatus 
(Fig. 10.1b) and also considered as the descendant of H. aguirrei (Fig. 10.1d). In our MPT H. 
nombrevillae is sister species to Node U, which includes the rest of derived Hispanomys. According 
to this, Hispanomys nombrevillae shares more features with H. aragonensis than with H. aguirrei/H. 
bijugatus.
Hispanomys aragonensis was reported as the descendant of the French species H. decedens 
(Mein and Freudenthal, 1971a; Agustí, 1982; López-Antoñanzas and Mein, 2011; Fig. 10.1b, 1d) 
and also, as the ancestor of H. peralensis (Fig. 10.1c). Hispanomys decedens possesses some features 
(ectolophs less developed, and both metalophulids I and II together in the same m1) that makes 
it a plausible ancestor of H. aragonensis. However, in our MPT, these two species are situated in 
separate clades (Node Q and Node U), rejecting the relationship between H. decedens and H. 
aragonensis. According to our MPT, H. aragonensis is the most basal OTU to Node V, which 
includes H. peralensis. Van de Weerd (1976) stated that H. peralensis could be the descendant of 
H. aragonensis because it possesses more derived features such as: five roots on the M1; highly 
hypsodont teeth; the labial anteroloph less developed and absence of metalophulid II. Our 
phylogenetic analysis supports this relationship.
COMMENTS ON SYSTEMATICS
As concluded in the chapters of section III (Systematic Paleontology), there are some open 
questions regarding the taxonomical status of several Cricetodontini found in the Calatayud-Daroca 
Basin. Similar problems have been noted in some species in central Europe (Prieto et al., 2010, 
2014 and references therein). Based on the results of our phylogenetic analysis (Fig. 10.6) and the 
detailed observation of several Cricetodontini, we discuss bellow the taxonomy of some taxa. 
Sen and Erbajeva (2011) suggested that Cricetodon versteegi and C. kasapligili have a simple 
pattern shared with the other “primitive” genera Eucricetodon, Democricetodon and Spanocricetodon. 
The position of Cricetodon versteegi and C. kasapligili in our MPT indicates that they should not 
be included in the genus Cricetodon, rather they appear to represent a paraphyletic array of stem 
taxa. Therefore, due to their primitive morphology and their basal position, we classified them as 
Cricetodontinae incertae sedis. 
The inclusion of Deperetomys in the tribe Cricetodontini was discussed before (Ünay, 1989; 
De Bruijn et al., 1993; Maridet and Ni, 2013). In our MTP, the clade Deperetomys possesses some 
synapomorphies very exclusive and well supported (Fig. 10.3). These are: slender cusps; posterior 
ectoloph of the anterocone in the M1 present and curved towards the mesosinus; anterior ectoloph 
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of the metacone always present in the M1; connection of the posterior ectoloph in the M1 through 
the mesoloph; long mesoloph in the M1; anterior ectoloph of the metacone present in some M2; 
lingual posteroloph absent in the M2; hypolophulid connected with the mesolophid in the lower 
molars; elongated anteroconid, well-developed lingual anterolophid, long mesolophid and closed 
sinusid in the m1 and closed protosinusid in the m3. 
This supports the hypotheses that consider Deperetomys very different from the rest of 
Cricetodontini. However, Deperetomys is placed, in our MTP, among other representatives of 
Cricetodontini, thus we maintain its inclusion in this tribe. Nevertheless, it is recommended to 
include the genera Meteamys, Mirrabella (subfamily Cricetopinae) and Eumyarion (subfamily 
Cricetodontinae) in future analysis to properly assess the suprageneric status of Deperetomys.
Node I contains the type species Cricetodon sansaniensis and we consider the species included 
in it as the unequivocal members of Cricetodon. According to the strict consensus (Fig. 10.3) it 
would seem that any other species of Cricetodon placed elsewhere in our MPT should not be 
assigned to Cricetodon. However, we consider that a proper assessment of this affirmation would 
require the inclusion of the older genera of Cricetodontini: Zramys, Meteamys and Eumyarion. In 
consequence, we resolved to maintain the generic ascription to Cricetodon as they currently are.
Cricetodon hungaricus, C. candirensis and C. cariensis are successive sister groups to Node O. 
De Bruijn et al. (1993) suggested a synonymy between C. hungaricus and C. candirensis. Besides 
that, Cricetodon candirensis and C. cariensis are species from Asia Minor originally described as 
Turkomys Tobien, 1978. This genus was synonymised with Cricetodon by De Bruijn et al. (1993). 
The paraphyletic position of these three taxa suggests that they do not belong to Cricetodon. The 
validity of the genus Turkomys should be therefore re-considered. Unfortunately, the original 
description of Turkomys made by Tobien (1978) is vague and we have not had the opportunity to 
study the material of these species, so we lack the information to support any taxonomical opinion. 
The monophyly of C. caucasicus + Byzantinia (Node M) is supported by important features 
which are also very variable characters among Cricetodontini (see discussion). We consider that 
the synapomorphies present in Node N are the ones that characterize Byzantinia: concave wear; 
presence of an anterior valley between the two lobes of the anterocone in the M1; absence of 
lingual posterolophid in the m2; labially situated anteroconid in the m1 and closed protosinusid in 
the m3. Therefore we do not consider C. caucasicus as member of the genus Byzantinia maintaining 
its inclusion in Cricetodon.
In the clade ‘Cricetodon’ fandli + Hispanomys + Ruscinomys, ‘C’. fandli stands out for being 
the most basal off-shoot of Node P. Prieto et al. (2010) found affinities with both Cricetodon and 
Hispanomys and decided not to include it in any genus (Prieto et al., 2010; 2014). In our MPT, the 
position of ‘C.’ fandli is clearly basal to clade Hispanomys + Ruscinomys. This could lead us to assign 
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‘C.’ fandli to Hispanomys. However, the monophyly of ‘Cricetodon’ fandli + Hispanomys + Ruscinomys 
(Node P) is weakly supported and we prefer not to change the taxonomical assignment of the 
species ‘C.’ fandli and recommend a taxonomical study.
‘Cricetodon’ klariankae stands out for being placed among the species of Hispanomys. Hír 
(2007) pointed out that ‘C.’ klariankae differs from Hispanomys by its well-developed anterolophulid 
and metalophulid II (which is always present with metalophulid I in ‘C’. klariankae) and by 
its non-reduced M3. However, these traits are also present in the basal species of Hispanomys. 
Recently, Prieto et al. (2014) questioned its original inclusion in the genus Cricetodon. The position 
of ‘C’. klariankae in our MPT agrees with the doubts of Prieto et al. (2014) and, going further, we 
recommend its inclusion in Hispanomys. 
PALEOBIOGEOGRAPHY AND EVOLUTIONARY HISTORY 
OF THE CRICETODONTINI
Figure 10.7 shows a calibrated cladogram with the geographical and chronostratigraphical 
information of the studied species. This figure provides a better picture about the relationships of 
the species through time and space. Appendix 10.2 present all the occurrences included in the 
analysis and the age of the localities.
The cladogram obtained has been dated using the Paleo-Tree package for the programming 
language and software environment R. The procedure needs for a numerical time interval, therefore 
we calculate the ages of the stratigraphical distributions of the studied species. Table 10.3 shows 
the information about the distributions as well as their “Calculated Oldest Date “(COD) and 
“Calculated Youngest Date” (CYD). The COD/CYD of the species has been obtained by means 
of different sources (See references in table 10.3). The criteria to establish the limits used in each 
case were as follows:
• 1. The COD and CYD of the species present in only one locality with numerical dating 
are the limits of the chron in which they are placed.
• 2. The COD and CYD of the species present in one or more sites without numerical 
dating:
  • 2.1. In the case of the European localities, the COD and CYD are the numerical 
limits of the MN in which they were placed. To avoid mistakes due to the diachronic 
character of the MN system (Gómez Cano et al., 2011; Van der Meulen et al., 2011, 2012), 
we used the numerical limits of the MN calculated for the basin in which the sites are 
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located. When the specific limits of the MN system for the basin were not available, we 
used the general limits proposed by Hilgen et al. (2012).
  • 2.2. In the case of the Chinese localities, we used the age limits of the geologic  
  formations containing the localities.
• 3. The COD and CYD of the species present in more than one locality, with all of them 
dated are the dates of the first and last occurrence of the species.
Figure 10.7 shows that the centre of origin of the studied Cricetodontini is Anatolia, where 
the tribe was present since the early Miocene. Deperetomys extends through Asia Minor and 
central Europe, Cricetodon is wide spread across Europe and Asia Minor, whereas Byzantinia is 
strongly linked with Asia Minor. Hispanomys + Ruscinomys are linked with southwestern Europe.
Three main intervals of migration of the group can be observed, which correspond to several 
biotic events. The first one starts around 18 Ma, it took Cricetodon and Deperetomys out of Anatolia 
giving rise to C. aliverensis and to the central European-like species such as C. nievei. This first 
interval is coincident with the ‘Creodont event’ described by Van der Made (1999). The second 
one starts around 15 Ma; it took another branch of Cricetodon out of Anatolia and dispersed it 
through Europe. The hypothetical common ancestor of the Iberian species, C. soriae and C. jotae, 
took part in this migration. This second interval is coincident with the ‘Hominid event’ described 
by Van der Made (1999). The last event is placed around 14 Ma and involved the migration of 
hypothetical basal species from Anatolia to southwestern Europe. Hispanomys aguirrei, H. lavocati, 
H. nombrevillae and H. aragonensis arose from species involved in this migration event. As noted 
in chapter 5, Van der Made (1999) described the ‘Conohyus/Pliopithecus event’ at the same age. 
This last migration event is coincident with a rise in the diversity of the tribe in Asia and Europe, 
having its maximum at the MN7/8. This diversification coincides also with the first occurrence of 
the genus Hispanomys (H. decedens) and Deperetomys (D. hagni) in Europe, and Byzantinia in Asia 
Minor. 
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FIGURE 10.3. Phylogenetic relationships of Cricetodontini within Cricetidae (Rodentia). A single strict consensus tree (773 
steps CI: 0.194; RI: 0.578) has been obtained from four most parsimonious trees using TNT v. 1.1 (Goloboff et al., 2008). The 
pair of numbers above and below a branch represents absolute and relative Bremer values respectively (according to Goloboff et 
al., 2008). A detailed character/taxa matrix is provided in the Appendix 10.1. The two possibilities in the original trees for the 
polytomy in Node H are present in (a) and (b).
(a)
(b)
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FIGURE 10.4. Character distribution for the discussed inter-
nal nodes.
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FIGURE 10.5. Character distribution for each studied species of Byzantinia and Cricetodon.
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FIGURE 10.6. Character distribution for each studied species of Deperetomys and Hispanomys.
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Three main clades can be observed in our cladistis analysis which correspond to Deperetomys, Byzantinia, and Hispanomys + Ruscinomys. The cladogram reveals that Deperetomys and Byzantinia are monophyletic, Cricetodon is paraphyletic and 
the species of Hispanomys together with Ruscinomys form a clade. There are two polytomies, one 
involves several species of Cricetodon and the other one various species of Byzantinia.
The morphological patterns change towards a simpler occlusal surface: from complicated 
forms displaying brachyodont and bunodont teeth with high density of transversal crests, to forms 
with prevalence of longitudinal ridges in hypsondont and selenodont-like molars.
Regarding the species from the Calatayud-Daroca Basin, they are grouped as follows:
Cricetodon soriae, C. sansaniensis and C. jotae are grouped together in a clade with C. meini. 
Cricetodon nievei is clustered with the species from central Europe, clearly separated from the 
other Cricetodontini from the Calatayud-Daroca Basin. The species of Hispanomys are split in two 
clades: H. aguirrei and H. lavocati are basal, and H. nombrevillae and H. aragonensis are derived.
The main taxonomical conclussions are:
Deperetomys is included in the tribe Cricetodontini, although its relationship with the species 
of Cricetodon from the Node A is questionable. Besides, we recommend a new taxonomical study 
of the species originally ascribed to Turkomys to evaluate the synonymy Turkomys-Cricetodon. 
This might resolve the paraphyletic status of Cricetodon. Moreover, the revision of ‘C.’ fandli is 
needed as it is related with Hispanomys in our MPT. We suggest the ascription of ‘C.’ klariankae 
to Hispanomys.
After this cladistic study, many questions about the phylogeny and taxonomy of the 
Cricetodontini are resolved. However, some taxa need supplementary morphological data 
(especially those of Ruscinomys) to establish clearer differences between these genera. Moreover, 
the inclusion of the remaining species of Deperetomys, Byzantinia and Ruscinomys, as well as new 
genera like Meteamys, Mirrabella and Eumyarion is strongly recommended to confirm some of the 
interpretations mentioned above and to better understand the evolution of Cricetodontini.
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FIGURE 10.7. Summary scheme showing the calibrated phylogeny of 
Cricetodontini with emphasis on the paleobiogeographical and chrono-
logical distributions. Number at the base summarizes some representative 
morphological innovations associated with a given node. The discontinue 
line of H. castelnovi, H. baixasi and H. mediterraneus indicates their uncer-
tain age, since they are recovered from poorly known or karstic fossil sites. 
See table 2 for detailed references of the CODs and CYDs. 
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TABLE 10.3. Species and ages 
for their Calculated Oldest Date 
(COD) and Calculated Youngest 
Date (CYD) applied to date the 
cladogram. The fourth column 
provides the references used to 
calculate the COD/CYD of each 
taxon. The criteria used in each 
taxon is present in the fifth col-
umn (methodology explained in 
“Paleobiogeography and Evolu-
tionary History of Cricetodon-
tini” section).
Species COD CYD References used to calculate the COD/CYD Criteria 
R. europaeus 5.30 3.20 García-Alix, 2006 2.1
R. schaubi 7.75 6.00 Van Dam et al., 2006/Morales et al., 2013 3
H. adroveri 8.05 6.80 Morales et al., 2013/García-Alix, 2006 3
H. baixasi 8.12 6.66 Gómez Cano et al., 2011 2.1
B. nikosi 9.00 8.70 Koufos, 2013 1
H. mediterraneus 9.61 8.12 Gómez Cano et al., 2011 2.1
H. thaleri 9.70 9.96 Agustí et al., 1997 1
H. peralensis 9.85 8.85 Van Dam et al., 2006 3
B. hellenicus 9.90 6.80 De Bruijn et al., 2013/Garcés et al., 1998 2.1
H. moralesi 9.94 8.80 Van Dam et al., 2006 2.1
H. aragonensis 11.72 9.98 Van Dam et al., in press 3.1
H. daamsi 11.10 9.88 Agustí et al., 2005/Gómez Cano, 2011 2.1
B. pikermiensis 11.20 7.00 De Bruijn et al., 2013/Hilgen et al., 2012 2.1
B. dardanellensis 11.20 9.90 Hilgen et al., 2012 2.1
H. nombrevillae 11.20 10.77 Van Dam et al., in press 3
H. lavocati 11.87 11.11 Van Dam et al., in press/Carmona et al., 2011 3
C. wolkeri 12.00 11.00 Wang et al., 2013 2.2
‘C'. fandli 12.16 12.07 Prieto et al., 2010 1
‘C’. klariankae 12.50 12.00 Hír and Kókay, 2010 3
B. bayraktepensis 12.50 11.00 Hilgen et al., 2012 2.1
B. eskhisarensis 12.50 11.00 Hilgen et al., 2012 2.1
B. ozansoyi 12.50 11.00 Hilgen et al., 2012 2.1
B. sofçanensis 12.50 11.00 Hilgen et al., 2012 2.1
C. cariensis 12.50 11.00 Hilgen et al., 2012 2.1
D. hagni 12.50 11.00 Hilgen et al., 2012 2.1
H. aguirrei 12.39 11.33 Van Dam et al., in press 3
H. bijugatus 12.67 9.70 Agustí et al., 2001/Vagengein and Tesakov, 2013 3/2.1
H. decedens 12.70 11.10 Hilgen et al., 2012 3
H. dispectus 12.75 11.00 Agustí et al., 2001/Casanovas Vilar et al., 2006 2.1
C. albanensis 12.75 12.50 Agustí et al., 2001 2.1/3
C. nievei 12.65 12.60 Van Dam et al., 2006/Van Dam et al., in press 3
C. jotae 13.56 12.65 Van Dam et al., 2006/Van Dam et al., in press 3
H. castelnovi 13.80 12.75 Gómez Cano et al., 2011 2.1
C. bolligeri 13.80 13.00 Hilgen et al., 2012/Kälin and Kempf, 2009 2.1
C. engesseri 13.90 13.80 Kälin and Kempf, 2009 2.1
C. jumaensis 14.00 13.40 Kälin and Kempf, 2009 3
C. soriae 14.06 13.80 Van Dam et al., 2006 3
C. sansaniensis 14.10 13.68 Kälin and Kempf, 2009/Van Dam et al., 2006 3
C. caucasicus 14.20 12.85 Hilgen et al., 2012 2.1
C. hungaricus 14.20 12.85 Hilgen et al., 2012 2.1
C. pasalarensis 14.20 12.85 Hilgen et al., 2012 2.1
C. aureus 15.05 14.00 Kälin and Kempf, 2009 3
D. franconicus 16.12 14.84 Van Dam et al., 2006 3
C. candirensis 16.40 14.95 Reichenbacher et al., 2013/Kälin and Kempf, 2009 2.1
C. meini 16.45 14.90 Reichenbacher et al., 2013 2.1
C. aliveriensis 19.72 18.75 Koufos, 2013 1
C. wanhei 19.00 16.00 Wang et al., 2013 2.2
C. tobieni 19.50 16.40 Hilgen et al., 2012 2.1
C. kasapligili 19.50 17.00 Hilgen et al., 2012 2.1
D. intermedius 21.70 19.50 Hilgen et al., 2012 2.1
C. versteegi 23.00 21.70 Hilgen et al., 2012 2.1
D. anatolicus 23.00 21.70 Hilgen et al., 2012 2.1
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B. bayraktepensis Bayraktepe I MN7/8 Turkey A. Minor Ünay, 1980; Grandjean, 2004
B. dardanellensis Bayraktepe II MN9 Turkey A. Minor Ünay, 1980; Wessels 2009
B. eskihisarensis Yeni Eskihisar Middle Miocene Turkey A. Minor Ünay, 1980; Rummel, 1998
B. hellenicus Hayranli 1 MN10/MN11 Turkey A. Minor De Bruijn et al., 2013
B. hellenicus Düzyayla MN12 Turkey A. Minor De Bruijn et al., 2013
B. hellenicus Samos Island MN12 Greece A. Minor Freudenthal, 1970; Kostopoulos, 2009
B. nikosi Biodrak MN10 Greece A. Minor De Bruijn, 1976; Koufos, 2013
B. ozansoy Bayraktepe I MN7/8 Turkey A. Minor Ünay, 1980; Grandjean, 2004
B. ozansoy Bagiçi MN7/8 Turkey A. Minor Ünay, 1980; Grandjean, 2004
B. pikermiensis pikermi (Chomateri) MN12 Greece A. Minor De Bruijn, 1976; Koufos, 2013
B. pikermiensis Altintas MN9 Anatolia A. Minor De Bruijn et al., 2013
C. albanensis Buenaventura 3 MN7/8 or MN9 Spain SW. Europe García-Moreno, 1988
C. albanensis La Parrilla MN7/8 or MN9 Spain SW. Europe García-Moreno, 1988
C. albanensis La Grive-Saint Alban MN7/8 France SW. Europe Mein and Freudenthal, 1971a
C. aliveriensis Aliveri MN4 Greece A. Minor Klein Hofmeijer and De Bruijn, 1988
C. aureus Vieux-Collonges MN5 France SW. Europe Mein and Freudenthal, 1971b
C. aureus Castelnov-Barbieu MN5 France SW. Europe Bulot et al.,1992
C. aureus Laimering 3 MN6 Germany C. Europe Heissig, 2006
C. aureus Laimering 5 MN7/8 Germany C. Europe Heissig, 2006
C. aureus Pont levoy-Theney MN5 France SW. Europe Daxner-Höck, 2003
C. aureus Noyant-Sous-Le-Lude MN5 France SW. Europe Ginsburg, 2001
C. aff. aureus Petersbuch 38 MN6 Germany C. Europe Rummel, 2000
C. aff. aureus Petersbuch 33 MN6 Germany C. Europe Rummel, 2000
C. aff. aureus Petersbuch 32 MN6 Germany C. Europe Rummel, 2000
C. aff. aureus Petersbuch 39 MN6 Germany C. Europe Rummel, 2000
C. aff. aureus Steinberg MN6 Germany C. Europe Bolliger, 1994
C. aff. aureus Goldberg MN6 Germany C. Europe Daxner-Höck, 2003
C. aff. aureus Rümikon MN6 Swiss C. Europe Kälin and Kempf, 2009
C. aff. aureus Untere-wagenburg MN6 Swiss C. Europe Kälin and Kempf, 2009
C. aff. aureus Wiezholz MN6 Swiss C. Europe Kälin and Kempf, 2009
C. aff. aureus Uzwill-Nutzenbuech MN6 Swiss C. Europe Kälin and Kempf, 2009
C. aff. aureus Camentobel MN6 Swiss C. Europe Kälin and Kempf, 2009
C. aff. aureus Rutzentobel 550m MN6 Swiss C. Europe Kälin and Kempf, 2009
C. aff. aureus Schwamendingen MN6 Swiss C. Europe Kälin and Kempf, 2009
C. aff. aureus Sagentobel MN6 Swiss C. Europe Kälin and Kempf, 2009
C. cf. aureus Laimering 4a MN6 Germany C. Europe Heissig, 2006
C. cf. aureus Laimering 4b MN6 Germany C. Europe Heissig, 2006
C. cf. aureus Blanquatère 3 MN5 France SW. Europe Aguilar, 2010
C. bolligeri Petersbuch 10 MN8 Germany C. Europe Rummel, 2000
C. candirensis Berdik-1 middle/late Miocene Turkey A. Minor De Bruijn et al., 2003
C. candirensis Candir MN5 Turkey A. Minor De Bruijn et al., 2003
C. cariensis Sariçay MN7 Turkey A. Minor Sen and Ünay, 1979
C. caucasicus Belometchetskaya late MN6 Georgia A. Minor De Bruijn et al., 1992
C. engesseri Mettlen-Weid MN6 Swiss C. Europe Kälin and Kempf, 2009
C. engesseri Schauenberg-Langriet MN6 Swiss C. Europe Kälin and Kempf, 2009
C. engesseri Chräzerentobel 523m MN7 Swiss C. Europe Kälin and Kempf, 2009
C. engesseri Chräzerentobel 505m MN7 Swiss C. Europe Rummel and Kälin, 2003
C. cf. engesseri Kirrberg-Tongrube late MN6 Germany C. Europe Seehuber, 2008
C. cf. engesseri Kirrberg-Sandgrube late MN6 Germany C. Europe Seehuber, 2008
C. hungaricus Hasznos MN6 Hungary E. Europe De Bruijn et al., 1993
C. cf. hungaricus Zambal MN6 Turkey A. Minor Sen and Ünay, 1979
C. jotae Povóa de Santarem MN6 Portugal SW. Europe Antunes and Mein, 1977
C. jotae Chloës MN6 Portugal SW. Europe Antunes and Mein, 1977
C. jotae Arroyo del Val 6 MN6 Spain SW. Europe Mein and Freudenthal, 1971a
C. jotae Manchones MN6, biozone G2 Spain SW. Europe De Bruijn et al., 1992
C. jotae Povóa de Santarem MN6 Portugal SW. Europe Antunes and Mein, 1977
Appendix 10.2.
Information about the occurrences of the species of Cricetodontini used to discuss the paleobiogeography and evolutionary 
history of the tribe. The references on the sixth column gather the papers where the ocurrence is reported and those which 
provided the date of the localitiy. Abbreviations: A. Minor, Asia Minor; SW. Europe, southwestern Europe; C. Europe, central 
Europe; E. Europe, eastern Europe.
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C. jotae Las Planas 5K MN6 Spain SW. Europe López-Guerrero et al., in press
C. jotae Las Planas 5L MN6 Spain SW. Europe López-Guerrero et al., in press
C. jotae Borjas MN6 Spain SW. Europe López-Guerrero et al., in press
C. jotae Valalto 1 MN6 Spain SW. Europe López-Guerrero et al., in press
C. jotae Las Planas 5C MN6 Spain SW. Europe López-Guerrero et al., in press
C. jotae Las Planas 5B MN6 Spain SW. Europe López-Guerrero et al., in press
C. jotae Toril1 MN7/8 Spain SW. Europe López-Guerrero et al., in press
C. jotae Alcocer 3 MN7/8 Spain SW. Europe López-Guerrero et al., in press
C. jotae Alcocer 2 MN7/8 Spain SW. Europe López-Guerrero et al., in press
C. jotae Alcocer 1 MN7/8 Spain SW. Europe López-Guerrero et al., in press
C. jotae Villafeliche 9 MN7/8 Spain SW. Europe López-Guerrero et al., in press
C. jumaensis Schmidrüti MN6 Swiss C. Europe Kälin and Kempf, 2009
C. jumaensis Petersbuch 35 MN8 Germany C. Europe Rummel, 2001
C. jumaensis Petersbuch 18 MN8 Germany C. Europe Prieto, 2007
C. jumaensis Petersbuch 6 MN8 Germany C. Europe Prieto, 2007
C. jumaensis Petersbuch 48 MN8 Germany C. Europe Prieto, 2007
C. ? jumaensis Anwill MN8 Swiss C. Europe Engesser, 1972
C. kasapligili Keseköy MN3 Turkey A. Minor De Bruijn et al., 1993
'C'. klariankae Felsőtárkány-Felnémet MN7/8 Hungary E. Europe Hír, 2007; Hír and Kókay, 2010
'C'. ? klariankae Gaweinstal MN9 Austria C. Europe Harzhauser et al., 2011; Prieto et al., 2014
'C'. fandli Gratkorn MN9 Austria C. Europe Prieto et al., 2010
C. meini Mühlbach2 late MN5 Austria C. Europe Daxner-Höck, 2003
C. meini Grund late MN5 Austria C. Europe Daxner-Höck, 2003
C. meini Komotini MN4/MN5 Greece A. Minor Daxner-Höck, 2003; Koufos, 2013
C. meini Petersbuch 41 MN5 Germany C. Europe Rummel, 2000
C. meini Ebershausen MN5 Germany C. Europe Bolliger, 1994
C. meini Ziemetshausen MN5 Germany C. Europe Bolliger, 1994
C. meini Burg-Balzhausen MN5 Germany C. Europe Seehuber, 2008
C. meini Vieux-Collonges MN5 France SW. Europe Mein and Freudenthal, 1971b
C. meini Castelnov-Barbieu MN5 France SW. Europe Bulot et al.,1992
C. meini Unterneull 1b MN6 Germany C. Europe Heissig, 2006
C. meini Unterneull 1a MN6 Germany C. Europe Heissig, 2006
C. meini Mülbach1 late MN5 Austria C. Europe Daxner-Höck, 2003
C. meini Antonios MN4/MN5 Greece A. Minor Vasileiadou and Koufos, 2005; Koufos, 
2013C. meini Litke1 MN5 Hungary E. Europe Hír, 2014
C. meini Litke2 MN5 Hungary E. Europe Hír, 2014
C. meini Popovac MN5 Serbia E. Europe Alaburic and Markovic, 2010
C. meini Mala Miliva MN5 Serbia E. Europe Markovic, 2003
C. meini Lararevac MN6 Serbia E. Europe Markovic, 2008, 2010
C. aff. meini Belometchetskaya late MN6 Georgia A. Minor Pickford et al., 2000
C. aff. meini Edelbeuren-Maurerkopf MN5 Germany C. Europe Daxner-Höck, 2003
C. aff. meini Strakonice MN5 Czech Republic E. Europe Daxner-Höck, 2003
C. aff. meini Wannentobel MN5-6 Germany C. Europe Daxner-Höck, 2003
C. aff. meini Gallenbach 2a MN6 Germany C. Europe Bolliger, 1994
C. cf. meini Hohenraunau early MN6 Germany C. Europe Seehuber, 2008
C. cf. meini Tuzluca-Kars MN4-MN5 Armenia A. Minor Sen et al., 2011
C. cf. meini Blanquatère 3 MN5 France SW. Europe Aguilar, 2010
C. nievei Toril 3B MN7/8 Spain SW. Europe López-Guerrero et al., 2014
C. nievei Toril 3A MN7/8 Spain SW. Europe López-Guerrero et al., 2014
C. nievei Las Planas 5H MN7/8 Spain SW. Europe López-Guerrero et al., 2014
C. nievei Toril 2 MN7/8 Spain SW. Europe López-Guerrero et al., 2014
C. pasalarensis Pasalar late MN6 Turkey A. Minor Peláez-Campomanes and Daams, 2002
C. pasalarensis Hosköy MN6 Turkey A. Minor Ünay, 1980
C. pasalarensis Mürefte MN6 Turkey A. Minor Ünay, 1980
C. cf. pasalariensis Zambal MN6 Turkey A. Minor De Bruijn et al., 2013
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C. sansaniensis Niderwis MN6 Swiss C. Europe Kälin and Kempf, 2009
C. sansaniensis Zeglingen MN6 Swiss C. Europe Kälin and Kempf, 2009
C. sansaniensis Sansan MN6 France SW. Europe De Bruijn et al., 1992
C. sansaniensis Valalto 2C MN6 Spain SW. Europe López-Guerrero et al., in press
C. sansaniensis Valato 2B MN6 Spain SW. Europe López-Guerrero et al., in press
C. sansaniensis Armantes 7 MN6 Spain SW. Europe López-Guerrero et al., in press
C. sansaniensis Las Umbrías 21 MN6 Spain SW. Europe López-Guerrero et al., in press
C. sansaniensis Las Umbrías 22 MN6 Spain SW. Europe López-Guerrero et al., in press
C. sansaniensis Duredos 1 MN7/8 Spain SW. Europe García-Moreno, 1987
C. sansaniensis Simancas 2 MN7/8 Spain SW. Europe García-Moreno, 1987
C. cf. sansaniensis Kirrberg-Tongrube late MN6 Germany C. Europe Seehuber, 2008
C. cf. sansaniensis Tschöplihof MN6 Germany C. Europe Rummel and Kälin, 2003
C. cf. sansaniensis Göttschlag MN6 Germany C. Europe Bolliger, 1994
C. cf. sansaniensis Oeschgraben MN6 Swiss C. Europe Kälin and Kempf, 2009
C. cf. sansaniensis Mettlen 4 MN6 Swiss C. Europe Kälin and Kempf, 2009
C. cf. sansaniensis Mühlrüti Pt 806 MN6 Swiss C. Europe Kälin and Kempf, 2009
C. cf. sansaniensis Tschöplihof 720m MN6 Swiss C. Europe Kälin and Kempf, 2009
C. cf. sansaniensis Armantes 7 MN6 Spain SW. Europe Freudenthal, 1966
C. cf. sansaniensis Petersbuch 31 MN7 Germany C. Europe Rummel, 2000
C. cf. sansaniensis Laimering 1b MN7/8 Germany C. Europe Bolliger 1994
C. cf. sansaniensis Laimering 4b MN7/8 Germany C. Europe Bolliger 1994
C. cf. sansaniensis Imenberg MN8 Swiss C. Europe Bolliger 1994
C. soriae Las Umbrías 20 MN5 Spain SW. Europe López-Guerrero et al., 2013
C. soriae Las Planas 4C MN5 Spain SW. Europe López-Guerrero et al., 2013
C. soriae Las Umbrías 19 MN5 Spain SW. Europe López-Guerrero et al., 2013
C. soriae Las Planas 4B MN5 Spain SW. Europe López-Guerrero et al., 2013
C. soriae Las Planas 4A MN5 Spain SW. Europe López-Guerrero et al., 2013
C. soriae Las Umbrías 16 MN5 Spain SW. Europe López-Guerrero et al., 2013
C. soriae Las Umbrías11 MN5 Spain SW. Europe López-Guerrero et al., 2013
C. soriae Somosaguas MN5, biozone E Spain SW. Europe Hernández-Fernández et al., 2006
C. tobieni Horlak 1a MN3-MN4 Turkey A. Minor Tobien, 1978
C. tobieni Horlak 1b MN3-MN4 Turkey A. Minor De Bruijn et al., 1993
C. tobieni Kaplangi 1-2 MN4 Turkey A. Minor De Bruijn et al., 2013
C. verteegi Kilçak 3a MN1 Turkey A. Minor De Bruijn et al., 1993
C. verteegi Kilçak 0 MN1 Turkey A. Minor De Bruijn et al., 1993
C. verteegi Kargi 2 Oligocene Turkey A. Minor De Bruijn et al., 2013
C. aff. versteegi Kilçak 3b MN1 Turkey A. Minor De Bruijn et al., 1993
C. volkeri Dingshanyanchi MN7/8 China Asia Wu et al., 2009; Qiu and Qiu, 2013
C. wanhei Songlinzhuan/Xiacaowang fm. early Miocene China Asia Qiu and Qiu, 2013
C. wanhei Sihong MN3-MN4 China Asia Qiu, 2010; Qiu and Qiu, 2013
D. anatolicus Kilçak 0-3 MN1 Turkey A. Minor De Bruijn et al., 2013
D. anatolicus Kargi 2 Oligoceno Turkey A. Minor De Bruijn et al., 2013
D. intermedius Harami1 MN2 Turkey A. Minor De Bruijn et al., 2013
H. adroveri Jun-2C MN12 Spain SW. Europe García-Alix, et al., 2008
H. adroveri Casa del Acero MN12 Spain SW. Europe Agustí, 1986; García-Alix., 2008
H. adroveri CR-17 MN12 Spain SW. Europe García-Alix et al., 2008
H. aguirrei Carrilanga 1 MN7/8 Spain SW. Europe López-Guerrero et al., in press
H. aguirrei Nombrevilla 2 MN7/8 Spain SW. Europe López-Guerrero et al., 2008
H. aguirrei Solera MN7/8 Spain SW. Europe López-Guerrero et al., in press
H. aguirrei Escobosa de Calatañazor MN7/8 Spain SW. Europe López-Martínez et al., 1977
H. cf. aguirrei Nombrevilla 4 MN7/8 Spain SW. Europe López-Guerrero et al., 2008
H. cf. aguirrei Nombrevilla 3 MN7/8 Spain SW. Europe López-Guerrero et al., 2008
H. cf. aguirrei Paje 2 MN7/8 Spain SW. Europe López-Guerrero et al., in press
H. cf. aguirrei Paje 1 MN7/8 Spain SW. Europe López-Guerrero et al., in press
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H. aragonensis ECM MN9 Spain SW. Europe Alba et al., 2006; Carmona et al., 2011
H. aragonensis Pedregueras 2A MN9 Spain SW. Europe Mein and Freudenthal, 1971a
H. aragonensis Pedregueras 1A MN9 Spain SW. Europe Mein and Freudenthal, 1971a
H. aragonensis Pedregueras 2C MN9 Spain SW. Europe Daams et al., 1999; Freudenthal, 1966
H. aragonensis Torremormojón 4 MN9 Spain SW. Europe Álvarez-Sierra, 1983
H.  cf. aragonensis Nombrevilla 19 MN9 Spain SW. Europe López-Guerrero et al., in press
H.  cf. aragonensis Nombrevilla 14 MN9 Spain SW. Europe López-Guerrero et al., in press
H.  cf. aragonensis Nombrevilla 13 MN9 Spain SW. Europe López-Guerrero et al., in press
H.  cf. aragonensis Nombrevilla 22 MN9 Spain SW. Europe López-Guerrero et al., in press
H. baixasi Lo Fournas 16-M MN11 France SW. Europe Aguilar et al., 2007
H. bijugatus La Grive-Saint Alban, L3 MN8 France SW. Europe López-Antoñanzas and Mein, 2009
H. bijugatus La Grive-Saint Alban, L5' MN8 France SW. Europe López-Antoñanzas and Mein, 2009
H. cf. bijugatus Bullendorf MN9 Austria C. Europe Daxner-Höck, 1996
H. castelnovi Castelnou 6 MN6? France SW. Europe Aguilar et al., 1994
H. daamsi Abocador de can Mata MN7/8 or MN9 Spain SW. Europe Alba et al., 2006
H. daamsi Can Missert MN9 Spain SW. Europe Agustí et al., 2005; Gómez Cano et al., 2011
H. decedens La Grive-Saint Alban, L5' MN7/8 France SW. Europe López-Antoñanzas and Mein, 2011
H. decedens La Grive-Saint Alban, M MN7/8 France SW. Europe López-Antoñanzas and Mein, 2011
H. decedens Abocador de can Mata MN7/8 or MN9 Spain SW. Europe Alba et al., 2006
H. dispectus Hostalets de Pierola MN8-MN9 Spain SW. Europe Agustí, 1980
H. dispectus Creu Conill 20 MN9 Spain SW. Europe Casanovas et al., 2006
H. dispectus Creu Conill 22 MN9 Spain SW. Europe Casanovas et al., 2006
H. lavocati San Quirze MN7 Spain SW. Europe López-Antoñanzas and Mein, 2009
H. lavocati Nombrevilla 2 MN7/8 Spain SW. Europe López-Guerrero et al., 2008
H. lavocati Hostalets de Pierola MN7/8 Spain SW. Europe Agustí, 1980 
H. cf. lavocati Nombrevilla 4 MN7/8 Spain SW. Europe López-Guerrero et al., 2008
H. cf. lavocati Nombrevilla 3 MN7/8 Spain SW. Europe López-Guerrero et al., 2008
H. mediterraneus Montredon MN10 France SW. Europe Aguilar, 1982
H. moralesi Batallones 10 MN10 Spain SW. Europe López-Antoñanzas et al., 2010
H. nombrevillae Nombrevilla 9 MN7/8 Spain SW. Europe López-Guerrero et al., 2009
H. nombrevillae Cañada 10 MN9 Spain SW. Europe López-Guerrero et al., 2011
H. nombrevillae Nombrevilla 1 MN9 Spain SW. Europe Freudenthal 1966; Daams et al., 1999
H. cf. nombrevillae Nombrevilla 10 MN7/8 Spain SW. Europe López-Guerrero et al., 2009
H. cf. nombrevillae Cañada 11 MN9 Spain SW. Europe López-Guerrero et al., 2011
H. cf. nombrevillae Cañada 9 MN9 Spain SW. Europe López-Guerrero et al., 2011
H. cf. nombrevillae Cañada 8 MN9 Spain SW. Europe López-Guerrero et al., 2011
H. peralensis Peralejos C MN10 Spain SW. Europe Van de Weerd, 1976; Van Dam et al., 2006
H. peralensis Peralejos D MN10 Spain SW. Europe Van de Weerd, 1976; Van Dam et al., 2006
H. peralensis Peralejos B MN10 Spain SW. Europe Van de Weerd, 1976; Van Dam et al., 2006
H. peralensis Peralejos 4 MN10 Spain SW. Europe Van de Weerd, 1976; Van Dam et al., 2006
H. peralensis Masía del BarboA MN10 Spain SW. Europe Van de Weerd, 1976; Van Dam et al., 2006
H. peralensis Masía del BarboB MN10 Spain SW. Europe Van de Weerd, 1976; Van Dam et al., 2006
H. thaleri Can Llobateres MN9 Spain SW. Europe Hartenberger, 1965; Casanovas-Vilar and Agustí, 2007
H. thaleri Riu Ripoll MN9 Spain SW. Europe Agustí and Gilbert, 1979
R. europaeus Villalba atal rio MN14 Spain SW. Europe Adrover, 1988
R. europaeus Layna MN14 Spain SW. Europe García-Alix et al., 2008
R. europaeus Rambla seca-1,-2,-3 MN14 Spain SW. Europe García-Alix et al., 2008
R. cf. europaeus Peralejos E MN14 Spain SW. Europe Adrover, 1988
R. cf. europaeus Barranco de Blas 6 MN15 Spain SW. Europe García-Alix et al., 2007
R. schaubi Los Mansuetos MN14 Spain SW. Europe Adrover, 1988
R. schaubi Aljezar MN14 Spain SW. Europe Adrover, 1988
R. aff. schaubi Pur.24A MN13 Spain SW. Europe García-Alix et al., 2006; Gómez Cano et al., 2011
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Resumen y Conclusiones
El trabajo realizado ha permitido determinar el material estudiado a nivel específico, conocer la distribución estrati-gráfica de todas las especies reconocidas y evaluar su utilidad 
como marcadores bioestratigráficos, así como estudiar sus relaciones filoge-
néticas y sus distribuciones paleobiogeográficas.
En esta tesis doctoral se han estudiado morfométricamente 
3.181 piezas dentales pertenecientes a 54 yacimientos datados desde el 
Aragoniense medio hasta el principio del Vallesiense (Mioceno medio y 
superior). 
El estudio morfológico está basado en la observación y el análisis de 
82 caracteres cuya información se ha recogido en una base de datos. Han 
sido calculadas las frecuencias de cada carácter en todos los yacimientos, 
permitiendo la comparación entre distintas localidades. Hemos tomado 
las medidas de longitud y anchura en los casos en los que la preservación 
del fósil lo permitía. Las medidas se han incluido en la base de datos y se 
han calculado los estadísticos descriptivos que han permitido comparar las 
poblaciones de cada yacimiento.
Se ha estudiado si las muestras de cada localidad presentaban uno o 
varios grupos morfológicos o métricos. Seguidamente, se ha caracterizado 
la variabilidad morfológica y métrica de cada uno de los grupos y utilizando 
toda esta información obtenida, se ha asignado taxonómicamente cada 
grupo morfológico. 
Esta parte se ha acompañado de una revisión de las especies 
encontradas, enmendando las diagnosis originales y diferenciales de cuatro 
de ellas (C. soriae, C. jotae, H. nombrevillae e H. aragonensis). En un caso, 
los fósiles encontrados reunían las suficientes características taxonómicas 
únicas como para describir con ellos una nueva especie (C. nievei). 
11
resuMen y conclusIones
“I am turned into a sort of machine for observing facts and 
grinding out conclusions.”
Charles Darwin
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Los patrones morfológicos de los Cricetodontini de la Cuenca de Calatayud-Daroca se 
ajustan al siguiente modelo: morfología basal en las primeras especies registradas durante en el 
Aragoniense medio (C. soriae, C. sansaniensis), configuración en mosaico en la mayor parte de las 
especies del Aragoniense superior (C. jotae, C. nievei, H. aguirrei e H. lavocati) y finalmente, se 
han observado formas más derivadas en la parte final del Aragoniense superior y en el Vallesiense 
inferior (H. nombrevillae, H. aragonensis). A continuación se detallan y explican las conclusiones 
obtenidas.
CONCLUSIONES TAXONÓMICAS
El estudio taxonómico concluye que los fósiles se reparten entre ocho especies pertene-
cientes a dos géneros de la tribu. Los resultados se han presentado en los capítulos 5-8. En las 
siguientes líneas se resumen las cuestiones más importantes de cada uno de ellos. 
 Capítulo 5. Revisión de Cricetodon soriae (Rodentia, Mammalia), nuevos datos del 
Aragoniense medio (Mioceno medio) de la cuenca de Calatayud-Daroca (Zaragoza, 
Spain)
Cricetodon soriae es la especie más antigua de la tribu Cricetodontini en la cuenca y, además, 
es el miembro más antiguo de la tribu en la Península Ibérica. Está presente en la biozona E, entre 
los 14,06 Ma y los 13,80 Ma. Fue descrita en la localidad de Somosaguas, en la Cuenca de Madrid 
sobre un total de 8 piezas dentales. Depués de este trabajo Cricetodon soriae se encuentra en ocho 
yacimientos más y el número de especímenes que se conocen ha aumentado en 52. Se ha ampliado 
la distribución geográfica de la especie y ahora se encuentra, además de en la Cuenca de Madrid, 
también en Calatayud-Daroca.
El estudio de C. soriae de la Cuenca de Calatayud-Daroca permite completar la información 
morfológica y métrica de la especie, así como enmendar su diagnosis original y proponer una 
nueva diagnosis diferencial más detallada. Los rasgos morfológicos más importantes son: ausencia 
de estilos y estílidos, bajo desarrollo de los mesolofos y mesolódifos, presencia de protólofulos 
anteriores y posteriores en el M1 y la ausencia del ectolofo anterior en el M1 y M3; posterolofo 
bien desarrollado en el M3; presencia de metalofúlidos I y II juntos, así como metalofúlido II 
sólo; presencia de metalofúlido I incompleto; m3 más largo que el m1; gran tamaño del m3 y los 
mesolófidos largos y dobles en el m3.
Por otra parte, las comparaciones con el resto de especies de Cricetodon, incluyendo los 
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primeros representantes de Europa Central y Oriental, indican una semejanza morfométrica entre 
C. soriae y las especies de Cricetodon de Anatolia. Estas semejanzas son: presencia de protolófulo 
anterior en el M1 y el hecho de que el m3 sea más largo que el m1, así como la presencia de un 
metalofúlido I incompleto en el m1.
Capítulo 6. Cricetodon del Aragoniense medio y superior de la Cuenca de Calatayud-
Daroca: una descripción taxonómica.
En este capítulo se han descrito y discutido dos especies de Cricetodon: C. sansaniensis y C. 
jotae.
Cricetodon sansaniensis está representado por 89 ejemplares provenientes de cinco localidades 
pertenecientes a la biozona local F y que abarcan un intervalo temporal de 13,76 a 13,68 Ma. 
Este estudio permite caracterizar el material, que había sido previamente publicado en nomen-
clatura abierta. Cricetodon sansaniensis de la Cuenca de Calatayud-Daroca se describe como muy 
homogéneo morfológicamente con ectolofos débiles y ambos metalofúlidos, I y II, en el mismo 
m1, además de tener mesolofos y mesolófidos. Todos estos rasgos se consideran basales dentro de 
la tribu. 
Se trata de una especie de gran tamaño y no se han observado grandes diferencias en talla 
entre los yacimientos estudiados.
Se han estudiado 414 molares que corresponden a C. jotae. Estos fósiles pertenecen a 13 
yacimientos situados en las biozonas locales, G1 y G2 (MN6 pro parte), así como en la parte 
inferior de la G3 (MN7/8 pp.). La primera presencia de C. jotae se produce en Las Planas 5B 
(biozona local G1), datada en 13,56 Ma. La última presencia datada numéricamente de C. jotae 
es en Las Planas 5K (13,08 Ma; biozona local G2). Sin embargo, Cricetodon jotae está presente en 
otros yacimientos más recientes que pertenecen a la biozona local G3, de los cuales no se dispone 
de edad numérica.
C. jotae presenta una combinación de caracteres basales, como es el metalofúlido II, y 
derivados—ausencia de mesolofos, presencia de ectolofos dobles; mesolófidos poco desarrollados 
o ausentes; ausencia de ectomesolófido y anterolófido labial del m1 débil o ausente—que se ha 
reconocido como un patrón morfológico en mosaico. 
A pesar de su amplia distribución estratigráfica, no se han observado diferencias de talla 
entre las asociaciones a lo largo del tiempo. 
Cuando se ha comparado C. jotae con otras especies de Cricetodontini se ha observado que 
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guarda similitudes con C. meini y con H. aguirrei, ambas presentes en Europa occidental.
Capítulo 7. Nuevo Cricetodontini del Mioceno medio de Europa: un ejemplo de ev-
olución en mosaico.
La nueva especie Cricetodon nievei se ha encontrado en los yacimientos de Toril2, 3A, 3B 
y Las Planas 5H, (12,65-12,60 Ma; biozona G3). Esta especie se caracteriza por la combinación 
de caracteres primitivos y derivados. Los molares superiores tienen las siguientes características: 
coronas bajas, contorno sinuoso, ectolofos medianamente desarrollados que no forman una pared 
continua, mesolofos y entomesolofos, estilos y formaciones cingulares en los valles, M1 con cuatro 
raíces, y M3 apenas reducido. Estas características se presentan con frecuencia en Cricetodon y son 
consideradas como primitivas en la tribu. Por otro lado, los molares inferiores tienen mesolófidos 
cortos o ausentes, metalofúlidos II ausentes en el m1, y la raíz posterior del m2 parcialmente 
dividida. Estos caracteres se describen en muchas especies de Hispanomys y se consideran como 
derivados dentro de la tribu Cricetodontini. Sin embargo, otros caracteres, tales como la presencia 
de metalofúlido I y la ausencia de metalofúlido II en el m1, así como tres raíces en los m2 también 
se encuentran en algunas especies de Cricetodon. Por lo tanto hemos decidido incluir esta especie 
en el género Cricetodon. Aun así, se ha considerado necesario incluir a las especies de Hispanomys 
en la diagnosis diferencial.
En cuanto al tamaño, los resultados del análisis métrico muestran que no hay diferencias 
significativas entre las tallas de las muestras estudiadas.
Después de comparar con el resto de las especies europeas y asiáticas de Cricetodon 
e Hispanomys se concluye que Cricetodon nievei es más parecido a las especies de Cricetodon e 
Hispanomys de la Cuenca de Vallès-Penedès, Francia y Europa Central que a las especies registradas 
en Calatayud-Daroca.
Capítulo 8. Especies de Hispanomys del Aragoniense superior y Vallesiense inferior 
(Mioceno medio y superior) de la Cuenca de Calatayud-Daroca.
Los 2.359 fósiles estudiados en este capítulo han sido asignados a cuatro especies diferentes 
de Hispanomys. Dos de ellas, H. aguirrei e H. lavocati se han encontrado en el Aragoniense superior; 
una, H. aragonensis, en al Vallesiense inferior, mientras que H. nombrevillae está presente tanto en 
el Aragoniense superior como en el Vallesiense inferior.
El análisis morfológico de H. aguirrei muestra que esta especie también posee un patrón 
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morfológico en mosaico: no tiene el anterocono totalmente dividido, que es un carácter basal, pero 
presenta caracteres derivados como puede ser el metalofúlido I en el m1.  
Se ha comprobado que las tallas de las localidades más modernas son menores que las de 
las más antiguas. Esto se ha interpretado como una tendencia hacia una disminución de la talla 
dentro de H. aguirrei.
 La comparación con otras especies de Hispanomys ha concluido que H. aguirrei tiene 
grandes similitudes con otras especies de la cuenca como C. jotae e H. lavocati.
Hispanomys lavocati se ha incluido en el género Hispanomys a pesar de las propuestas de 
otros autores, que lo incluyen en Cricetodon. Hispanomys lavocati, posee caracteres basales como 
son la presencia de metalofúlido II en el m1, mientras que también presenta otros derivados como 
la alta frecuencia de ectolofos dobles y conectados.
Hispanomys lavocati es una de las especies más grandes de Hispanomys descritas y la más 
grande de la Cuenca de Calatayud-Daroca para este rango temporal.
La comparación con otras especies de Cricetodontini manifiesta que posee algunas carac-
terísticas compartidas con los representantes de Cricetodon y Byzantinia de Anatolia, como son el 
gran tamaño del anterocono del M1 y el pequeño cíngulo situado entre los lóbulos del mismo en 
el M1. Estas similitudes apuntan hacia una posible relación de H. lavocati con los miembros de 
Asia Menor.
Las otras dos especies estudiadas en este capítulo son H. nombrevillae e H. aragonensis, 
que tienen todos los rasgos característicos de Hispanomys. Su estudio ha permitido enmendar las 
diagnosis original y diferencial de ambas especies.
Hispanomys nombrevillae presenta características claramente derivadas para la tribu, como 
son: hipsodoncia moderada; pequeño tamaño; M3 muy reducido; ausencia de metalofúlido II en 
el m1 y tres raíces en el m2. Sin embargo, estas mismas características denotan una condición basal 
dentro del género Hispanomys.
No hay grandes variaciones de talla entre los fósiles de las localidades estudiadas, por lo que 
no se han distinguido tendencias al aumento o reducción del tamaño.
La comparación entre Hispanomys nombrevillae y otros miembros de la tribu indica varias 
similitudes con las otras especies de la cuenca, así como con H. bijugatus (descrita en el sur de 
Francia) con las que podría estar relacionada.
Hispanomys aragonensis presenta una gran variabilidad intraespecífica. La morfología parece 
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seguir una tendencia hacia un patrón más simple. Así, el material de las localidades más antiguas 
tiene los valles más frecuentemente cerrados y, además, por estructuras más grandes que en el 
material de las localidades más modernas. Igualmente, la muestra de las localidades más antiguas 
presenta mesolofos y mesolófidos con más frecuencia que los fósiles de los yacimientos más 
modernos. Además, los mesolófidos con también más largos en los especímenes de los yacimientos 
más antiguos.
Hay diferencias de talla entre los especímenes de las localidades más antiguas (que son más 
grandes) y los de las más modernas (que son más pequeñas).
Los resultados de la comparación con otras especies indican que H. decedens e H. peralensis 
son las especies más parecidas a H. aragonensis y con las que ésta podría guardar algún tipo de 
relación filogenética.
Comparando H. nombrevillae e H. aragonensis, es reconocible que H. nombrevillae posee 
rasgos basales (como la presencia de estructuras que cierran los valles o la raíz posterior del m2 
parcialmente dividida en algún ejemplar), mientras que H. aragonensis es más derivada (contorno 
trilobulado, ausencia de posterolofo en el M3). En cuanto al tamaño, las medidas muestran que 
H. aragonensis es más pequeña que H. nombrevillae. Esta diferencia en la talla se ha comprobado 
estadísticamente al encontrar diferencias significativas en la talla de todos los elementos dentales, 
ya sea en longitud o en anchura.
CONCLUSIONES BIOESTRATIGRÁFICAS
Capítulo 9. Cricetodonini de la Cuenca de Calatayud-Daroca (España): una puesta al 
día de sus distribuciones estratigráficas.
La tribu Cricetodontini está presente en las biozonas locales desde la E hasta la I, con un 
rango de edad estimada de 14,06 a 9,98 Ma. Las distribuciones estratigráficas de las especies 
estudiadas, en general, se correlacionan con la biozonación local, por lo que se puede indicar que 
se trata de buenos indicadores bioestratigráficos. Las distribuciones de C. soriae, C. sansaniensis, H. 
nombrevillae e H. aragonensis coinciden con las biozonas locales E, F, I y H, respectivamente. Sin 
embargo, la distribución de Cricetodon jotae es muy amplia y oscila alrededor de un 1 Ma cubriendo 
varias biozonas locales (G1, G2 y G3). Por su parte, C. nievei se encuentra únicamente en la parte 
media de la G3. 
Cuatro especies de Cricetodontini están presentes en la biozona local G3. Llama la atención 
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que esta biozona es muy larga; las biozonas locales aquí estudiadas cubren, cada una, alrededor 
de 200 o 300 Ka, mientras que la G3 abarca más de 1 Ma. Teniendo en cuenta que las especies 
de Cricetodontini son buenos indicadores bioestratigráficos, el número de especies encontradas 
y la gran duración de la biozona local G3, podría resultar conveniente hacer una revisión de 
esta biozona o una subdivisión en subzonas. No obstante, es recomendable realizar un estudio 
completo de la fauna de roedores de la G3 antes de hacer una nueva propuesta.
CONCLUSIONES FILOGENÉTICAS
Capítulo 10. Primera filogenia de Cricetodontini durante el Mioceno y Plioceno en 
Europa y Asia Menor.
Las especies estudiadas se dividen en tres clados principales que corresponden a Deperetomys, 
Byzantinia e Hispanomys+Ruscinomys. El cladograma indica que Deperetomys y Byzantinia son 
monofiléticos, Cricetodon es parafilético y que las especies de Hispanomys forman un clado junto 
con las de Ruscinomys.
A partir del cladograma datado se pueden sacar una serie de conclusiones paleobiogeográficas, 
como la confirmación de que el centro de origen de Cricetodontini es claramente Asia Menor. 
También que Byzantinia e Hispanomys están estrechamente vinculados con un área geográfica 
específica: Asia Menor y el suroeste de Europa respectivamente. Por otra parte, Deperetomys se 
extiende por Asia Menor y Europa Central, y Cricetodon está ampliamente extendido por toda 
Europa y Asia Menor. También se han detectado tres momentos migratorios (hace 18 Ma, 15 
Ma y 14 Ma respectivamente) que tienen su origen en Anatolia y en los que participan diferentes 
especies que dan lugar a las encontradas en la Cuenca de Calatayud-Daroca.
Asimismo, se han podido describir los principales cambios morfológicos que presentan, 
en general, los géneros de Cricetodontini. El patrón morfológico deriva hacia la simplicidad de 
la superficie oclusal: a partir de formas braquiodontas y bunodontas con alta densidad de crestas 
transversales se observan formas hipsodontas y parecidas a molares selenodontos con prevalencia 
de crestas longitudinales.
Una vez realizado el análisis cladístico en el que se han analizado 103 caracteres de 51 
especies, se han podido proponer una serie de relaciones filogenéticas. Entre éstas, se han discutido 
con más detalle las relaciones filogenéticas de cada una de las especies de Cuenca de Calatayud-
Daroca, estudiadas en la presente tesis doctoral. 
390
Capítulo 11
• Cricetodon soriae está estrechamente relacionado con otras especies de Europa occidental, 
como son C. sansaniensis, C. jotae y C. meini. Su relación con las especies de Anatolia no 
parece ser tan evidente como se había propuesto en el artículo que sirve de base para el 
capítulo 5.
• Cricetodon sansaniensis no parece tener relación con ninguna de las especies con las que 
se había relacionado anteriormente y se rechaza su relación directa con C. aureus. En 
cambio, sí parece tener una relación estrecha con C. soriae. 
• Cricetodon jotae es grupo hermano de C. meini, lo que confirma la relación propuesta por 
los autores previamente y discutida en el capítulo 6.
• Cricetodon nievei está agrupada con las especies procedentes de Europa central, 
claramente separada de los otros Cricetodontini de la Cuenca de Calatayud-Daroca, lo 
que confirma la propuesta realizada tras el estudio sistemático efectuado en el capítulo 
7.
Las especies de Hispanomys se dividen entre dos clados monofiléticos: H. aguirrei-H. lavocati 
se encuentran en un clado e H. nombrevillae-H. aragonensis en otro. El primer clado está situado en 
una posición más basal que el segundo.
• Hispanomys aguirrei se asigna a Hispanomys, ya que se encuentra entre las otras especies 
de este género. Parece confirmarse que H. aguirrei no está relacionada con C. jotae, 
como se explica en los capítulos 6 y 8, sino con H. lavocati, su especie hermana. 
• Hispanomys lavocati está también asignado a Hispanomys y no parece tener una relación 
directa con las especies de Byzantinia (que aparecen en otro clado separado), ni con las 
especies grandes de Cricetodon.
• Hispanomys nombrevillae aparece como una especie basal al clado que contiene todas 
las especies derivadas de Hispanomys. Esto apoya la discusión realizada en el capítulo 
8 en la que se explica que H. nombrevillae posee caracteres considerados basales dentro 
del género.
• Hispanomys aragonensis se encuentra entre las especies de Hispanomys más derivadas, el 
cladograma rechaza su relación directa con H. decedens. Se relaciona directamente con 
H. peralensis, apoyando la propuesta descrita en el capítulo 8.
Con este estudio se ha aumentado considerablemente la información disponible de los 
miembros de esta tribu. Sin embargo, sobre todo en los aspectos bioestratigráficos y filogenéticos, 
todavía hay cuestiones que posiblemente se solucionen estudiando en profundidad otros grupos 
de roedores. 
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De esta forma, las futuras líneas de investigación en el campo de la bioestratigrafía local 
deben enfocarse hacia el resto de géneros de roedores del Aragoniense superior y del Vallesiense 
inferior de la Cuenca de Calatayud-Daroca. Por otro lado, sería interesante ampliar el estudio 
filogenético con información morfológica del resto de géneros de Cricetodontini y otros géneros 
de Asia Menor. De este modo se podrían resolver las cuestiones en géneros tales como Deperetomys, 
Cricetodon y Ruscinomys.
Durante el desarrollo de esta tesis doctoral la identificación de las especies de la tribu ha sido 
difícil debido que no se disponía de criterios suficientemente claros en las diagnosis de algunas 
especies descritas anteriormente. Para encontrar estos criterios, se ha tenido que profundizar en el 
estudio de la morfología dental.
Por otro lado, en ocasiones, a pesar de tener una gran cantidad de fósiles, se ha contado 
con pocas piezas. 3.150 fósiles repartidos entre 8 especies es un número muy bajo si se compara 
con el material de otros géneros que estos mismos yacimientos presentan. La solución para poder 
resolver la taxonomía ha pasado por ampliar el número de variables morfológicas observadas y 
por completar la observación con material de otros yacimientos de fuera de la cuenca. Para eso 
ha sido fundamental la recogida de datos de Austria, Alemania y Francia. De este modo, se ha 
podido distinguir qué caracteres presentaban una mayor variabilidad geográfica y cuáles eran más 
homogéneos y por lo tanto, más útiles taxonómicamente.
Esta observación de las localidades y especies de fuera de la cuenca ha abierto las puertas a 
futuros trabajos. Con todos los datos recopilados en una base de datos morfológica de poblaciones 
de toda Europa, se pueden realizar estudios paleofilogeográficos que precisen cómo se relacionan 
filogenéticamente las poblaciones de Cricetodontini entre sí, si se agrupan de alguna forma y si esa 
agrupación se corresponde con la especie a la que esas poblaciones están asignadas. Igualmente, un 
estudio paleofilogeográfico nos permitiría caracterizar la variabilidad intraespecífica y determinar 
de una manera más efectiva qué caracteres son más diagnósticos dentro de una especie. 
Las metodologías aplicadas, en especial la cladística, pueden ser el motor para llevar a cabo 
estas investigaciones en paleofilogeografía, aunque un trabajo de este tipo necesita nuevas técnicas 
y metodologías. Además de ayudar en las cuestiones anteriormente mencionadas (describir las 
relaciones filogenéticas y la variabilidad intraespecífica), la paleofilogeografía podría utilizarse para 
apoyar la asignación taxonómica de poblaciones con poco material fósil. 
Pese a la amplitud e interés de la paleontología descriptiva, cada vez son más los trabajos 
de paleontología analítica y esta tesis doctoral es un punto de partida para éstos. Se ha recopilado 
una inmensa cantidad de datos y ahora hay que preguntarse qué más se puede hacer con ellos y 
cómo hacerlo. Estas preguntas no hacen más que abrir nuevos retos que van hacia el concepto más 
amplio e integrador de la paleontología.
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